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Essays on Aging Americans’ Travel Preferences: Behavioral Survey Analyses 
Xiaohong Pan 
 
The baby boomer generation began turning sixty-five in 2011. Twenty percent of the U.S. 
population will be over age sixty-five by 2030. Such a rapidly aging population has posed 
significant challenges to transportation planning and operating agencies since this large number 
of aging boomers demand dependable transportation access so they can remain independent and 
age in place. It is crucial to understand, in a timely manner, aging Americans’ travel mode 
choices, their preferences and perspectives on transportation supports, and communication 
channels through which they prefer to receive information on existing and new transportation 
options. My dissertation presents three essays to explore these important and urgent issues.  
Essay One uses the 2009 National Household Travel Survey (NHTS) data to investigate 
whether the predominant travel preference—favoring private automobiles—hold for different 
groups of aging Americans. The analyses not only include the commonly used travel mode 
choice factors, such as socio-demographics, built environment, and transportation attributes; but 
also include behavioral aspects such as attitudes towards safety, congestion, public transit, and 
walking environment. Results show no evidence that Americans are giving up driving as they 
age. Therefore, planning as though baby boomers will give up driving private automobiles as 
they age is not likely to be successful. Results also imply that although it may not be effective for 
existing seniors, promoting positive attitudes on certain travel options that were otherwise not 
 
 
preferred by middle-aged boomers (e.g., public transit) could be a useful way to encourage this 
group of boomers to change their future travel mode choices. 
Essay Two discusses the design and implementation of my own survey on senior 
transportation options. A comprehensive survey questionnaire is constructed to target various 
user groups of senior transportation services, including seniors, caregivers and their elderly 
dependents, and younger individuals. All these respondents represent current or future customers 
of senior transportation services. The survey is then successfully implemented via the Amazon 
Mechanical Turk (MTurk) crowdsourcing platform. Survey data collected from the MTurk 
platform represents a fairly diversified population; it can capture respondents from different 
socio-demographic categories, and it shares a similar distribution pattern with the general 
population data (e.g., U.S. Census) and the large-scale nationwide transportation survey using 
random sampling method (e.g., NHTS). 
Essay Three analyzes my MTurk survey data and investigates the impact of behavioral 
factors derived from the Theory of Planned Behavior (TPB) on travel mode choices among 
different user groups of senior transportation services. Survey respondents’ preferences on types 
of senior transportation supports, as well as respondents’ preferable channels from which they 
want to receive information about senior transportation options, are also examined. Results show 
attitude factors (e.g., convenience, preference, and independence) in general are perceived as 
more important drivers for seniors’ mode choices than other aspects of TPB (e.g., social norm, 
feasibility, and cost). This indicates more attention should be drawn to attitude factors, rather 
than the traditional concerns such as feasibility and cost, when designing and implementing 
interventions on senior transportation services. 
 
 
Compared to the extant literature, this dissertation research reveals a more comprehensive 
set of the factors that affect aging Americans’ travel mode choices. In particular, it highlights the 
important role of behavioral factors in seniors’ travel model choices. This dissertation research 
also demonstrates that Amazon MTurk can serve as a valuable crowdsourcing platform for 
planning related surveys, experiments, and data collections, especially when addressing timely 
issues such as aging Americans’ travel needs. It generates useful insights for researchers and 
practitioners to develop effective policy and service interventions to improve senior’s 
transportation access, and to address transportation challenges along with the rapid population 
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Population aging creates various challenges to transportation planning and operating 
agencies, as well as to private sectors of transportation services. By 2030, twenty percent of the 
U.S. population will be over age sixty-five. Elderly population demands dependable 
transportation access so they can remain independent and age in place. To improve seniors’ 
transportation access, it is crucial to understand seniors’ travel mode choices, their preferences 
and perspectives on transportation options, and communication channels through which seniors 
prefer to receive information on transportation. This dissertation presents three research essays to 
explore these issues.  
While much prior research has used local or regional interviews and surveys to study 
seniors’ travel behavior, limited work has investigated nationwide datasets to gain a full picture 
of all aging Americans’ travel preferences. Using the 2009 National Household Travel Survey 
(NHTS) data, Essay One examines factors that affect seniors’ travel mode choice and 
investigates whether the predominant travel preference—favoring private automobiles—hold for 
different groups of aging Americans. The analyses include commonly used impact factors on 
travel mode choices, such as socio-demographics, built environment, and transportation 
attributes. For seniors, however, travel is often beyond the simple description of origins and 
destinations; it is a symbol of independence and is a critical factor for quality of life. Therefore, 
behavioral aspects, such as attitudes towards safety, congestion, public transit, and walking 
environment, can play an important role, in addition to the commonly used factors mentioned 
above, on senior travel mode choices. These behavioral factors are also considered in the 




they age, but middle-aged boomers (45−64) may be more inclined to adopt non-auto travel 
options compared to their senior counterparts. Such heterogeneous perspectives on travel mode 
choice across age groups bear important policy implications. On the one hand, planning as 
though current baby boomers want to give up auto travel as they age is not likely to be 
successful. On the other hand, behavioral interventions, such as promoting positive attitudes on 
certain travel options (e.g., public transit) that were otherwise less preferred by middle-aged 
boomers, could be a way to encourage this group of boomers to change their future travel mode 
choice. 
The first essay uses the 2009 NHTS, a traditional travel survey that concerns the general 
travel pattern of overall population, to examine travel mode choice of current seniors and 
seniors-to-be. To complement Essay One, Essay Two presents the design of a unique travel 
behavioral survey to collect first-hand data that represent opinions on senior transportation issues 
from different types of users, including current and future senior consumers of transportation as 
well as caregivers of seniors. Data collected in Essay Two complement those studied in Essay 
One by revealing the existing conditions of senior transportation and exploring potential future 
complications in senior transportation planning. Amazon Mechanical Turk (MTurk) provides a 
convenient survey platform that allows researchers to collect samples from a diverse population. 
It has been shown as an effective tool for psychology and marketing research but has seldom 
been used in the field of transportation. This essay demonstrates how the newly designed senior 
transportation survey can be conducted through such an innovative crowdsourcing platform. The 
results show the MTurk survey data indeed follow the general distribution pattern of the 
representative sample of a population, suggesting MTurk could be a meaningful and low-cost 




While there is a consensus among transportation practitioners and researchers on the 
challenges posed by population aging, we know relatively little about how to increase seniors’ 
awareness of available transportation options and how to encourage seniors to use existing and 
new options. By analyzing the MTurk survey data, Essay Three explores answers to address 
these questions. First, the essay investigates behavioral factors related to the most used travel 
mode for three types of users of senior transportation options (i.e., seniors, caregivers and their 
elderly dependents, and younger people). These factors include convenience, preference, 
independence, social norm, feasibility, and cost. They respectively represent three drivers for 
one’s behavioral change in the Theory of Planned Behavior: “attitudes,” “subjective norm,” and 
“perceived control.” The study results provide strong evidence that behavioral factors can be 
more important than traditional utility-based factors, such as cost, in determining seniors’ travel 
mode choices. Then, the essay investigates respondents’ preferences on the type of supports 
regarding senior transportation options, including supports from neighbors/community centers, 
public agencies, private services, or family members/friends. Furthermore, the essay analyzes 
respondents’ preferable channels from which they want to receive information about (new) 
senior transportation options. The results in this essay deepen our understanding of potential 
interventions that can be used to educate seniors with existing and new transportation options 
and to encourage seniors to select more suitable options to meet their individual needs. 
In summary, this dissertation research reveals a variety of factors that affect aging 
Americans’ travel mode choice. It advances our understanding of aging population’s 
transportation preferences and needs by studying a more comprehensive set of such factors 
compared to the extant literature. In particular, both studies of the 2009 NHTS and the self-




behavioral factors play crucial roles in seniors’ choice of travel modes. Also, the self-designed 
survey has been successfully implemented on Amazon MTurk, an innovative crowdsourcing 
platform. Overall, this dissertation research generates insights for researchers and practitioners to 
develop effective transportation policy interventions and service innovations to improve senior’s 
transportation access and to address transportation challenges along with the progressive 






Essay One: Understanding Aging Americans’ Travel Mode Choices: Analysis of the 2009 
National Household Travel Survey 
 
Abstract 
Population aging creates various challenges to transportation planning and operating 
agencies, as well as to private sectors of transportation services. By 2030, twenty percent of the 
U.S. population will be over age sixty-five. Elderly population demands dependable 
transportation access so they can remain independent and age in place. To improve seniors’ 
transportation access, understanding their preferences on travel mode choices is crucial. By 
analyzing the 2009 National Household Travel Survey (NHTS), this study investigates whether 
the predominant travel preference – favoring private automobiles – hold for different groups of 
aging Americans. The study also explores factors that affect seniors’ travel mode choices. 
Different socio-demographic, built environment, and transportation attributes are included in the 
analysis to examine their potential impacts on travelers’ mode choices. The results show no 
evidence that Americans are giving up driving as they age. Thus, I argue that planning as though 
baby boomers will give up private auto travel as they age is not likely to be successful. 
Specifically, traditional public transportation options might not suit for aging Americans; and 
more diversified auto-like transportation options are necessary. In addition, behavioral aspects, 
such as attitudes towards safety, congestion, public transit, and walking environment, are 
considered in the analysis. I find that while attitude towards availability of public transit does not 
seem to change senior population’s strong preference towards auto travel, it may affect middle-




that were otherwise not preferred by middle-aged boomers (e.g., public transit) could be a way to 
encourage this group of boomers to change their future travel mode choices.  
 
Keywords: Population Aging, Senior Transportation, Travel Behavior, Mode Choice, National 
Household Travel Survey (NHTS) 
 
1.1. Introduction 
 The U.S. senior population (sixty-five years and over) is now growing at a fast rate. 
There were 43.1 million senior Americans in 2012, representing 13 percent of the U.S. 
population. This percentage is expected to rise to more than 20 percent by 2030 (Colby and 
Ortman 2014; Ortman, Velkoff, and Hogan 2014). That is, one in every five Americans will be 
over sixty-five years old by the next two decades. The baby boom cohort, born in the United 
States between 1946 and 1964, contributes significantly to this fast-growing trend of population 
aging (Hogan, Perez, and Bell 2008). This rapid aging of the population brings significant social 
and economic challenges to each and every stakeholder in society. From the perspective of 
transportation policies and practices, aging Americans need special attention because their 
transportation ability decreases with the increase of age; and as a result, they will have limited 
transportation options compared to younger people. For instance, as seniors get older, they will 
not be able to continue driving because of physiological changes and associated safety concerns. 
Meanwhile, many aging Americans live in low-density areas where limited transportation 
alternatives are available except for private auto driving. The decreased capability of driving and 
yet the heavy dependence on driving in daily lives (e.g., in order to access grocery stores or 




quality of life as they grow older. Therefore, it is vital to improve seniors’ transportation access. 
The stereotype thinking in transportation planning for senior transportation suggests investing in 
the traditional public transportation (e.g., bus); this strategy, however, may not be an effective 
solution due to reasons discussed above. Instead, innovative ideas to support senior 
transportation are needed not only from the public sector but also from the private service 
providers. 
Before planners and policy makers may provide any appropriate and effective assistance, 
it is crucial to first understand aging Americans’ preferences on travel mode choices. The aging 
baby boomer generation differs from their prior generations in many ways. They are better 
educated, wealthier, healthier, and more racially and ethnically diverse. They are likely to stay in 
the labor force longer and to be more active beyond traditional retirement (WHCOA 2005). As a 
result, aging boomers are likely to have different travel behavior and transportation needs from 
what was planned for prior generations and other age groups.  
Thus, the purpose of this study is to explore aging Americans’ travel mode choices and 
factors that might affect existing seniors’ and aging boomers’ travel preferences. The 2009 
National Household Travel Survey (NHTS) data is utilized to investigate whether aging 
Americans are still driving (FHWA 2018). Different socio-demographic, built environment, and 
transportation attributes are included in the analysis to examine their associations with travelers’ 
mode choice. Furthermore, my analysis considers behavioral aspects (e.g., attitudes towards 
safety, congestion, public transit, and walking environment) that were first introduced in the 





The remainder of this essay is organized as follows. Section 1.2 introduces the research 
background and reviews relevant literature on senior transportation (reality and preferences). 
Section 1.3 formalizes the conceptual framework and research questions. Section 1.4 presents the 
data and specifies analytical methods. Section 1.5 discusses detailed empirical results and their 
implications for transportation planning for seniors. Section 1.6 summarizes the study and 
suggests potential directions for future research. 
 
1.2. Background and Literature Review  
1.2.1. Aging of Population 
The “aging of population,” also known as demographic aging or population aging, refers 
to “shifts in the age distribution (i.e., age structure) of a population toward older ages” (Gavrilov 
and Heuveline 2003). It is reflected by a rise in the proportion of the population that is elderly, a 
decline in the proportion of the population composed of children, and an increase in the 
population's mean and median ages. Studies of aging populations traditionally focus on 
retirement systems1 rather than how older people may use conventional infrastructure systems 
(e.g., transportation). Population aging is expected to be among the most prominent global 
demographic trends of the twenty-first century, which is a direct outcome of the ongoing global 
fertility decline and mortality decline at older ages – known as the double aging process 
(Gavrilov and Heuveline 2003). Population aging can lead to important socio-economic 
consequences. For instance, it poses a great challenge for the health care system, because as 
nations age, the prevalence of disability, frailty, and chronic diseases is expected to increase 
significantly (Gavrilov and Heuveline 2003). 
                                                            




Population aging in the United States is closely associated with the post-World War II 
Baby Boom. The population sixty-five and over has increased from thirty-five million to forty 
million between 2000 and 2010 (a 14.3% increase) and is expected to rise to fifty-five million in 
2020 (a 37.5% increase from the year 2010). By 2030, there will be about 72.1 million senior 
citizens, almost doubling their number in 2008 (AoA 2010). This brings numerous challenges to 
many public and private stakeholders, including transportation planning agencies, as well as 
transportation operating and service providers. For instance, older populations nowadays are 
increasingly participating in the labor force. More specifically, 16.2% of the sixty-five-and-older 
population were employed in 2010—22.1% for older men and 13.8% for older women 
respectively (West et al. 2014). On the one hand, it is the financial insecurity—worries over 
inadequate retirement savings—that drives more older adults to participate the labor force, 
especially with the severe economic impact of the 2007–2009 recession. On the other hand, 
many other factors impact labor force participation rates of older Americans, including greater 
longevity coupled with better health and fitness, loving what they do and the satisfaction they get 
from contributing experience, know-how, and institutional knowledge (Fideler 2014; Census 
2014; Belser 2014; Leonesio et al. 2012). The increasing labor force participation rate among 
seniors implies seniors are in great need of more reliable and independent travel choices than 
their prior generations, and their needs require transportation planners and policy makers to plan 
and act promptly.  
 
1.2.2. Spatial Distribution of Senior Population 
During the twentieth century, especially after the World War II, dispersed and low-




households and individuals, including seniors, now reside in low-density areas with limited 
public transit services. As a “by-product” of such land use patterns, residential areas were 
segregated from services areas by the “planned” built environment. Indeed, this locational 
separation of residences and services imposes further barriers for seniors to buy grocery, to visit 
health care provider, and to join social activities within an easily accessible distance. 
In 2009, most seniors lived outside of principal cities. More specifically, about 77.4%of 
the senior population lives in low-density suburban or rural areas that often have limited public 
transportation services (AoA 2010). At the same time, senior persons are less likely to change 
residence than other age groups. From 2008 to 2009, only 3.4% of senior persons moved as 
opposed to 13.8% of the under-sixty-five population. Most seniors who moved (62.7%) stayed in 
the same county, and 83.7% remained in the same state. Only 16.3% of the senior movers moved 
out-of-state (AoA 2010). Although some argue seniors may prefer a different lifestyle, make a 
different location decision, and thus change their travel preferences, it would actually not be an 
easy task to relocate seniors to denser areas with better public transportation services. In fact, 
most older Americans wish to age in place (more on this below). A 2010 AARP survey shows 
“nearly 90 percent of seniors want to stay in their residence for as long as possible, and 80 
percent believe their current residence is where they will always live” (Barrett 2014; Farber et 
al. 2011).  
Aging in place is referred to as “the ability to live in one’s own home and community 
safely, independently, and comfortably, regardless of age, income, or ability level” (CDC 2017). 
Aging in place brings a variety of benefits to help the older population with successful aging2, 
such as life satisfaction, health, and self-esteem (Kochera, Straight, and Guterbock 2005; Farber 
                                                            
2 Successful aging is defined as “the ability to maintain three key behaviors or characteristics: low risk of disease 
and disease-related disability; high mental and physical function; and active engagement with life” (Kochera, 




et al. 2011). It is well recognized that communities across the nation are striving to help aging 
Americans stay healthy, stay connected, and enjoy “aging in place” (nadtc 2018). Transportation 
is a vital link to all those goals. 
 
1.2.3. Transportation Reality for Senior Population  
Since last century, the U.S. transportation policies and practices have heavily promoted 
highway and auto travel. This trend has been affecting seniors’ travel choices in the past, now, 
and also in the near future. In fact, seniors tend to be as auto-dependent as the rest of the 
population. Data show over 70 percent of the seniors live in low-density suburban and rural 
areas, and over 90 percent of the trips made by these seniors are automobile trips; in addition, 
seniors shift from driving a private car to becoming a car passenger when they get older 
(Rosenbloom 2001; X. Pan 2012). According to the 2001 National Household Travel Surveys 
(NHTS), senior (licensed) drivers drove an average of 7,684 annual miles, or over twenty-one 
miles every day, which indicates many seniors are still on the wheel in their daily life (Hu and 
Reuscher 2004).  
According to a report based on the 2001 NHTS (Bailey 2004), about 21 percent of 
Americans age sixty-five and older do not drive. More than 50 percent of them, or 3.6 million 
Americans, stay home on any given day partially because they lack transportation options. The 
populations in rural communities and sprawling suburbs are more heavily affected compared to 
those in urban areas. Public transportation trips by older non-drivers totaled an estimated 310 
million in 2001; older minority populations account for a significant share of these trips. More 
livable communities (i.e., dense and mix-used neighborhoods) have higher rates of public 




older non-drivers use public transportation occasionally in denser areas, as compared to one in 
twenty in more spread-out areas. In many places, public transportation is still not a practical 
option for older people; for frail older persons, paratransit and specialized transportation are the 
only feasible modes, other than getting a ride from others (Bailey 2004). 
 
1.2.4. Senior Population’s Transportation Preferences 
In general, seniors make fewer work and school trips, but they make much more trips for 
shopping, health care, social events, and recreation compared to other age groups (Collia, Sharp, 
and Giesbrecht 2003). Many older drivers intentionally drive during the off-peak time to avoid 
congestion, busier intersections, and aggressive drivers (Holmes et al. 2002). Older adults 
generally have low rates of transit use, and they appear to have even higher objections to using 
transit compared with their younger counterparts (Blumenberg et al. 2007). 
An early study shows elderly and disabled people in rural Virginia value paratransit more 
than taxis and buses (Stern 1993). Paratransit refers to a flexible form of transit service for 
mobility-impaired people that provides door-to-door public transport service. Flexibility is 
perceived as one of the most important factors. It is also found the demand of trips taken by 
elderly and disabled people is generally price inelastic; in other words, the total number of trips 
taken is not sensitive to mode availability and characteristics but is more driven by the need to 
travel.  
An American Association of Retired Persons (AARP) interview with non-
institutionalized adults over age seventy-five shows an overwhelming preference for the private 




suburban and rural residents are not fully aware of transportation services available to them; 
public transport was considered unsafe and taxicabs too expensive (Coughlin 2001). 
Using data from several post-industrial nations, Alsnih and Hensher found the “young” 
elderly (aged 65–75 years) and the “old” elderly (over 75 years) have different travel patterns 
and needs (Alsnih and Hensher 2003). Their study also points out that instead of the traditional 
fixed-route public transportation, more flexible forms of transport should be investigated 
regarding technological and operational feasibility. 
A study using rural Upper Great Plains states (including North Dakota, South Dakota, 
Montana, and Wyoming) survey data shows distance and choice of travel modes have no 
significant impact on the total number of routine or chronic health care trips. The results indicate 
many health care trips are inelastic to different transportation characteristics, echoing the 
findings in the Virginal study discussed above (Stern 1993). However, survey respondents claim 
issues with public transportation, such as inconvenient schedules, infrequent service, and 
difficulty of matching transit and medical schedules (Mattson 2011).  
Based on 2009 NHTS data, my earlier study found when accessing health care services, 
many seniors were still driving, and they preferred auto travel to public transportation. Increasing 
density alone might not be a powerful and effective enough strategy to change seniors’ travel 
mode choice, at least not for the current generation. Mode choice of health care trips was 
inelastic to some transportation attributes, such as travel distance (X. Pan 2012). 
 In summary, the prior literature suggests a common observation that a great portion of 
seniors lives in suburban and rural areas, and they value private auto travel and rides from 
friends and family members more than public transportation. Public transportation and 




may be the only feasible modes for some seniors. However, many studies reviewed above use 
location-specific data; and findings in those studies, thus, may not be generalizable to other 
populations or areas. This essay expands the prior studies by examining a more comprehensive 
set of factors that affect seniors’ travel mode choice, and by using a nationwide dataset to gain a 
full picture of all aging Americans’ travel preferences. 
 
1.3. Conceptual Framework and Research Questions 
Figure 1.1 shows the conceptual framework of this research. Motivated by the challenges 
along with the fast progressing population aging, there are crucial needs to address the associated 
transportation challenges faced by both public sectors and private service providers. To 
effectively address these challenges, it is essential to explore factors affecting seniors’ travel 
behavior first. Using the nationwide 2009 NHTS data, I analyze the potential impacts from four 
categories of factors on aging Americans’ mode choices, and these four categories of factors are 
socio-demographic characteristics, built environment factors, transportation attributes, and 
behavioral aspects.  
For seniors, travel is often beyond the simple scope of transportation from origin to 
destination; it could be a self-image issue as it determines one’s independence of life (Schwanen 
and Páez 2010). Therefore, the traditional utility maximization theory of travel behavior may not 
fully explain seniors’ mode choices, which generally accounts for travelers’ mode choice by 
external circumstances, such as travel cost or travel time (National Research Council (US) 
2005). Instead, I propose a more comprehensive set of factors in four categories, including 
typical transportation attributes, socio-demographic characteristics, physical built environment 




selection in each of these four areas follows the prior literature on (travel) behavior, see, e.g., 
(Bandura 1986; McLeroy et al. 1988; Sallis and Owen 2008; Winch 2011; King et al. 2002; S. 
Handy 2005; National Research Council (US) 2005; Thøgersen-Ntoumani 2009; Emond, Tang, 
and Handy 2009; S. L. Handy, Xing, and Buehler 2010; Xing, Handy, and Mokhtarian 2010; 
Broache 2012). For instance, transportation-related variables such as travel time, household car 
ownership, and number of drivers in the household are often employed in the traditional utility 
maximization theory to model travel behavior. In recent decades, built environment variables 
such as population density, employment density, and land use are increasingly used in the study 
of people’s travel mode choices. Some studies also apply theories from the field of psychology to 
include behavioral variables, such as attitudes and preferences, to explain travel mode choices. In 
addition to the variables mentioned above, socio-demographic variables, such as age, gender, 
household size, income, and employment status, are commonly-used control variables. The 






Figure 1.1. Conceptual Framework 
 
This research analyzes travel mode choices for three age groups: seniors (who are sixty-
five years and above), middle-aged boomers (whose ages are roughly between forty-five years 
and sixty-five years old in the 2009 NHTS data), and younger generations (who are younger than 
forty-five years old). The seniors group represents the existing elderly population; while the 
middle-aged boomers account for the major contributors of the fast-growing U.S. population 
aging process in the next several decades. It is important to understand travel mode choices from 
these different age groups and to identify the similarities and distinctions in travel preferences 
among them. Distinctions in travel preferences across different age groups, if any, can be 
particularly helpful for practitioners and policymakers to promptly adjust practice and policies to 




As mentioned in the earlier sections, the objective of this research is to explore factors 
that may affect aging Americans’ travel mode choice. Specifically, I examine the following 
research questions: 
1. Does the predominant travel preference—favoring private automobile—hold for aging 
Americans and younger generations?  
2. How are different socio-demographic, built environment, and transportation attributes 
related to aging Americans’ and younger generations’ travel mode choice?  
3. Do behavioral aspects play a significant role in aging Americans’ and younger 
generations’ travel mode choice? 
 
1.4. Data and Analytical Methods 
I examine how different socio-demographic, spatial, transportation, and behavioral 
factors might affect seniors’ transportation choices by using the 2009 National Household Travel 
Survey (NHTS) data in this study. Sponsored by the U.S. Department of Transportation 
(USDOT) and administrated by the Bureau of Transportation Statistics (BTS) and the Federal 
Highway Administration (FHWA), NHTS is a national authoritative source for personal travel 
behavior that addresses who, when, where, how and why the US population travels as it does 
(FHWA 2018). It collects trip-related data such as mode of transportation, duration, distance, and 
purpose of the trip. It also gathers demographic, geographic, and economic characteristics of the 
survey respondents. The 2009 NHTS was conducted under the sponsorship of the FHWA. Other 
funding agencies of the national sample of the 2009 NHTS include the Federal Transit 
Administration, AAA, and the Public Policy Institute of AARP. There are also twenty add-on 




additional samples for their respective jurisdictions. The entire dataset contains over one hundred 
fifty thousand completed household interviews with approximately three hundred eight thousand 
completed person interviews representing over three hundred ninety-one billion trips when 
expanded to the whole population (FHWA 2018).  
Although the 2009 NHTS offers me a large size of samples to analyze aging Americans’ 
travel mode choices, there may exist a few limitations. For instance, the Random Digit Dialing 
(RDD) landline sample frame used in the 2009 NHTS may not be a viable representative list of 
the American public. This is because more and more households have been “cutting the cord” to 
their landlines and relying only on cell phones. According to a recent NHTS report, “in 2009, 
about one-fourth of households did not have landline telephones” (Transportation Research 
Board 2016, page 13). Therefore, travel mode choice decisions from those under-sampled 
households without landlines may affect my data analysis results. On the other side, my survey 
focuses on seniors’ travel behavior; and seniors are more likely not to be affected by such a 
sampling limitation, as more senior households still use landline compared to younger 
generations. 
The present research analyzes trips taken by seniors (>64), middle-aged boomers 
(45−64), and younger generations (<45). To facilitate discussion, I dichotomize different travel 
modes (e.g., car, SUV, local bus, taxi, subway) into two categories: auto travel vs. other non-auto 
travel modes, where auto travel includes trips made by car, van, SUV, and pickup truck. 
I first conduct a univariate analysis to explore the variation in different factors, which 
may influence people’s travel mode choices, across different age groups. I then conduct a logistic 




corresponding logit model is specified below in Equation 1.1, where the dependent variable (Y) 
indicates whether travelers choose auto as their travel mode (1 = Yes, 0 = No).  
𝐿𝑜𝑔𝑖𝑡[𝑝 𝑌 = 1 ] = ln ! !!!
! !!!
= 𝛽! + 𝛽!𝑋! + 𝛽!𝑋! +⋯+ 𝛽!𝑋!… Equation 1.1 
The independent variables (X) include four different categories of variables: socio-
demographic, spatial, transportation, and behavioral attributes. As mentioned in the conceptual 
framework section, the selection of these variables is based on a wide range of the prior literature 
on (travel) behavior researches.3 Socio-demographic characteristics contain variables such as 
age, gender, household size, whether the survey respondent rents or owns the housing unit, 
income, and whether the survey respondents still participate in the labor force. Three built 
environment factors are selected to represent spatial attributes: population density (i.e., 
population per square mile), employment density (i.e., workers per square mile), and the size of 
residence area.4 Transportation attributes include household car ownership, number of drivers in 
the household, whether there are any additional household members with the respondent on the 
trip, and travel time. Behavioral aspects represent survey respondents’ opinion on the most 
important transportation issues: travel cost, congestion, aggressive drivers, safety, access to 
transit access, and access to sidewalks. The detailed variable list and type, as well as the 
hypothesized direction of the impact (“+” means an increase in the associated continuous 
variable, or, the presence of the categorical effect if for categorical variables, is associated with a 
                                                            
3 As a secondary data analysis, the selection is also constrained by the availability of variables presented in the 
existing dataset. 
4 Residence in a urban area of at least 50,000 and less than 199,999 people is set as a reference group when 
generating categorical variables for the urban size variable, where living in urban area of at least 200,000 and less 
than 499,999 people, urban area of at least 500,000 and less than 999,999 people, urban area of one million or more 
people without subway or rail, urban area of one million or more people with subway or rail, or non-urbanized area 




higher likelihood of choosing car than other travel modes), are shown in Table 1.1. All data 
analyses are conducted in Stata.5  




Hypothesized direction of relationship 
Variable list Seniors Middle-aged boomers 
Younger 
generations 
 (> 64) (45–64) (< 45) 
Socio-demographic characteristics     
    Age Continuous + For all age groups 
    Female (vs. male) Categorical + For all age groups 
    Household size Continuous - - - 
    Home rented (vs. home owned) Categorical - For all age groups 
    Income Continuous No effect + For both age groups 
    Working Categorical No effect + For both age groups 
Built environment factors     
    Population density Continuous - Marginal effect for all age groups 
    Employment density Continuous - Marginal effect for all age groups 
    Urban size  Categorical No effect - For denser area 
Transportation attributes     
    Household car ownership Continuous + For all age groups 
    Number of drivers in household Continuous No effect + For both age groups 
    Additional household member on trip (vs. none) Categorical + For all age groups 
    Travel time Continuous + For all age groups 
Behavioral aspects (most important transportation issue) 
    Cost Categorical + For all age groups 
    Congestion Categorical + For all age groups 
    Aggressive Drivers Categorical + For all age groups 
    Safety Categorical + For all age groups 
    Transit access Categorical No effect - For both age groups 
    Sidewalks Categorical No effect - For both age groups 
 





1.5. Findings and Discussion 
1.5.1. Univariate Analysis  
Socio-demographic characteristics 
The public data set of the 2009 NHTS contains over 308,000 survey respondents. This 
includes both respondents from the national sample and those from the 20 Add-on partners.6 
Therefore, the weighting factors have been used to adjust for oversampling in the Add-on areas 
(FHWA 2011, page 1-3). As shown in Table 1.2, compared with the census data (in which there 
is 13% of seniors in the population), seniors (28%) are significantly oversampled before the 
weight adjustment. After adjusting the weight (i.e., running descriptive statistics on estimation 
sample), the age distribution is more consistent with the census data. Note that due to this 
oversample/weighting issue, all of the following analyses (both descriptive statistics and logistic 
regressions) are conducted on estimation sample where weights are taken into account.  
Table 1.2. Age distribution before and after weight-adjusting 









Seniors (>64) 12.5% 27.9% 13.7% 
Middle-aged boomers (45-64) 26.1% 36.4% 27.7% 
Younger generations (<45) 61.3% 35.7% 58.6% 
  Note: n 2009 NHTS = 308,901; + U.S. Census Bureau, Current Population Survey, Annual Social and Economic 
Supplement, 2009. Table 1. Population by Age and Sex: 2009.  
 
Survey respondents’ gender distribution varies by different age groups (shown in Figure 
1.2). Fifty-eight percent of the senior group are women, and this percentage decreases as the age 
group becomes younger, i.e., 51 percent and 49 percent for the middle-aged boomers and the 
younger generations, respectively. Regarding the household size, a majority of seniors (about 
83%) live alone or with one additional household member (shown in Figure 1.3). In contrast, a 
                                                            
6 These partners were state and metropolitan transportation planning organizations; and they funded additional 




majority of younger people (about 85%) who are 44 years old or less live with two or more 
additional household members. Figure 1.4 shows seniors and middle-aged boomers have a higher 
percentage of home ownership than the younger generations. These high percentages of home 
ownership among seniors are consistent with the aging Americans’ tendency of aging in place. 
These differences in household composition and residences suggest it is necessary to look at their 
potential effects on travel mode choices for different traveler age groups.  
 
Figure 1.2. Gender distribution by different age groups 
(n Seniors = 86,112; n Middle-aged boomers = 112,402; n Younger generations = 110,387) 
 
Figure 1.3. Distribution of household size by different age groups 
(n Seniors = 86,112; n Middle-aged boomers = 112,402; n Younger generations = 110,387) 
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Figure 1.4. Distribution of home ownership by different age groups 
(n Seniors = 86,112; n Middle-aged boomers = 112,402; n Younger generations = 110,387) 
 
I next examine the distribution of incomes across different age groups using 2009 U.S. 
income quintiles. Figure 1.5 shows senior age group is the least advantaged, with a majority of 
them (62%) falls into the first and second quintiles (i.e., less than $40,000). The middle-aged 
boomers and the younger generations have a more evenly distributed income, with a positive 
skewness towards the higher income quintiles. This significant income disparity across different 
age groups is further confirmed by their employment status. Figure 1.6 shows only 21% of 
seniors are still participating in the labor force, while over 70% of middle-aged boomers and 
younger generations are working. As income often influences travel choices, travel mode choices 
for different age groups are likely to be different. 
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Figure 1.5. Distribution of family income by different age groups 
(n Seniors = 76,559; n Middle-aged boomers = 105,637; n Younger generations = 106,147) 
 
 
Figure 1.6. Distribution of employment status by different age groups 
(n Seniors = 86,071; n Middle-aged boomers = 112,321; n Younger generations = 72,165) 
 
Built environment factors 
As shown in Figure 1.7, the distribution of residence urban size is fairly similar across 
different age groups. One-third of travelers live in the non-urbanized area, making it the largest 
single residence urban size type. About the same percentage of travelers (20% each) live in an 
urban area with one million or more people either with subway/rail or without subway/rail. The 
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lower density. These results confirm many people, including aging Americans, live in non-
urbanized areas and low-density urban areas where available transportation options except for 
private automobile driving are quite limited. 
 
Figure 1.7. Distribution of residence urban size 
(n Seniors = 289,162; n Middle-aged boomers = 462,120; n Younger generations = 416,037) 
 
Transportation attributes 
In the public dataset of the 2009 NHTS, there are a total of 1,167,321 trips surveyed. A 
majority of these trips relies on the private automobiles: over 80 percent of trips are made by 
auto travel modes. Interestingly though, when separating data into different age groups, I find 
higher shares of auto travel mode in older age groups (see Figure 1.8). For instance, among 
younger generations, 81% of their trips are auto trips. However, for seniors, 87% of their trips 
are made by auto; meanwhile, the corresponding non-auto mode share decreases to only 13%. 
These results show many aging Americas are still on the wheels, and seniors use less non-auto 
travel modes than the younger age groups. This is likely due to factors such as the limited choice 
of available travel options, or the fact that non-auto travel presents more barriers for seniors to 
use than other age groups.  
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Figure 1.8. Travel mode distribution by different age groups 
(n Seniors = 288,752; n Middle-aged boomers = 461,352; n Younger generations = 415,093) 
 
 
On average, there are 1.73 cars in each household with senior members, while there are 
2.31 cars in households without senior members. Only 6% of senior travelers do not own a car, 
while 55% of them own two or more cars (Figure 1.9). At the same time, almost all senior 
households (96%) have at least one licensed driver. Very often, senior travelers are not alone; for 
instance, 31% of them are accompanied by other household members.  
 
Figure 1.9. Household car ownership distribution by different age groups 
(n Seniors = 289,162; n Middle-aged boomers = 462,122; n Younger generations = 416,037) 
The average travel time for seniors’ trips is 19.45 minutes, which is quite close to the trip 
travel time of the other two age groups, 20.67 and 20.06 minutes for middle-aged boomers and 
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younger generations, respectively. In comparison, seniors travel 7.99 miles for each of their trips 
on average, which is shorter than the average of other age groups (10.46 miles for middle-aged 
boomers, and 9.73 miles for younger generations). These results imply seniors travel at a lower 
speed than the younger age groups.  
 
Behavioral aspects 
The 2009 NHTS includes a new question asking respondents’ behavioral opinion about 
their travel concerns – the most important transportation issues. The question lists six (6) issues 
in the multiple choices/single answer formats. They are 1) the price of travel including things 
like transit fees, tolls, and the cost of gasoline, 2) highway congestion, 3) aggressive or distracted 
drivers, 4) safety concerns, like worrying about being in a traffic accident, 5) access to or 
availability of public transit, 6) lack of walkways or sidewalks.  
 
Figure 1.10. Distribution of the most important transportation issues 
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Figure 1.10 shows different age groups share relatively similar responses to these 
transportation concerns. Most respondents select travel cost as the most important issue to their 
travel, i.e., 33%, 34%, 38% of the seniors, middle-aged boomers, and younger generations, 
respectively. The following three categories are traffic congestion, aggressive or distracted 
drivers, as well as safety concerns; about 20 percent of the respondents name one of these three 
categories the most important issue to their travel. Not surprisingly, the lowest categories that 
travelers are concerned about are access to public transit and sidewalks. From a behavioral 
perspective, non-auto travel modes, especially public transit options, have a substantially low 
priority in the mind of most travelers. Moreover, seniors even concern less on the access to non-
auto travel modes than the middle-aged boomers or the younger generations, suggesting less 
interest from seniors on using non-auto travel modes and thus significant challenges to 
transportation planners -- using the traditional public transportation approach as the solutions of 
dealing with senior transportation needs might not be effective. 
 
1.5.2. Logistic Regression Results  
Table 1.3 shows the logit model results of travel mode choice for different age groups. 
This analysis is based on the full data set of all trip purposes. The numbers of observations for 
seniors, middle-aged boomer, and younger generations are 224,670, 377,100 and 223,757, 
respectively. As a reminder, the dependent variable is defined as whether travelers choose auto 
as their travel mode (1 = Yes, 0 = No). Overall, most of the regression results support the 
hypothesized direction of the relationship. To summarize the detailed descriptive statistics that 
have been discussed in the above sections, a comprehensive descriptive statistics table including 




To check the robustness of the results, I conduct two additional analyses based on subsets 
of data. First, along with the aging process, seniors’ major travel purposes may gradually shift 
from commuting to serving their daily needs, such as shopping, health care, and recreation or 
social activities. Trips for daily needs may better reflect seniors’ travel mode choice behavior 
than commuting trips. Thus, I run a logit model based only on trips for daily needs. Results are 
shown in Appendix A – Table A.2. In addition, when people start their day using a certain type 
of travel mode, their following trips during that day may be constrained by this first mode they 
have selected. Thus, I study another logit model that only considers people’s first trip of the day; 
in this model, for the same reason above I include only trips for daily needs. Results are shown in 
Appendix A – Table A.3. Indeed, both models return similar results as the model that uses the 
full dataset of all trip purposes, suggesting my findings are consistent across different datasets. 




Table 1.3. Logistic Regression Results of Travel Mode Choice  
 Odds ratio for different age groups 
Variable Seniors Middle-aged boomers 
Younger 
generations 
 (> 64) (45 – 64) (< 45) 
Socio-demographic characteristics    
    Age 1.01930*** 1.00912* 1.01530*** 
    Female (vs. male) 1.37662*** 1.27956*** 1.08915 
    Household size+ 0.28438*** 0.60563*** 0.66020*** 
    Home rented (vs. home owned) 0.74563* 0.79013*** 0.89547 
    Income+ 0.97857 1.05596*** 1.05049*** 
    Working 1.13478 1.34003*** 1.74268*** 
Built environment factors    
    Population density 0.99995*** 0.99995*** 0.99994*** 
    Employment density 0.99988*** 0.99989*** 0.99991*** 
    Urban size 1 (200,000-499,999) ++ 1.17815 1.27067* 0.86943 
    Urban size 2 (500,000-999,999) ++ 1.24304 1.27402* 0.90028 
    Urban size 3 (1 million or more w/o subway/ rail) ++ 1.84355*** 1.20955* 0.85582 
    Urban size 4 (1 million or more w subway/ rail) ++ 1.24447 0.95331 0.63728*** 
    Urban size 5 (non-urbanized area) ++ 0.84710 1.04646 0.74076*** 
Transportation attributes    
    Household car ownership 1.89828*** 1.25766*** 1.46036*** 
    Number of drivers in household 1.14900 1.13413* 1.10639* 
    Additional household member on trip (vs. none) 19.31531*** 12.48317*** 13.16477*** 
    Travel time+ 1.08983** 0.95845 1.10709*** 
Behavioral aspects (most important transportation issue) 
    Cost 2.20340*** 1.29200 1.57584** 
    Congestion  2.16943*** 1.57234** 2.02203*** 
    Aggressive Drivers 2.18371*** 1.75220*** 1.66348** 
    Safety 2.66227*** 1.63106** 1.97296*** 
    Transit access 1.03486 0.59551** 0.86488 
    Sidewalks 1.14960 0.47064*** 0.70121 
Constant 0.43804 1.03124 0.55934 
N 224,670 377,100 223,757 
Note: odds ratio = exp (coefficient); *** p≤ 0.01; ** p≤ 0.05; * p≤ 0.1; + these independent variables (i.e., 
household size, income, and travel time) are taken natural log transformation in the analysis due to their positively 
skewed distributions; ++ residence in a urban area of at least 50,000 and less than 199,999 people is set as a reference 
group when generating categorical variables for the urban size variable, where living in urban area of at least 
200,000 and less than 499,999 people, urban area of at least 500,000 and less than 999,999 people, urban area of 1 
million or more people without subway or rail, urban area of 1 million or more people with subway or rail, or non-





Socio-demographic characteristics and mode choice 
 It is found that all age groups, including seniors, are more in favor of auto travel when 
becoming older. For instance, with a five-year increase in age, the odds of seniors choosing auto 
travel increase by about 10 percent, holding other variables constant. These results confirm my 
hypothesis that most Americans, especially those who are seniors, are still auto-dependent. Thus, 
the stereotype planning thoughts of providing seniors with more public transportation when they 
get older are questionable. This brings up an important debate about whether traditional public 
transportation should be the focus of transportation policies to assist senior populations, or it is 
necessary to introduce new and innovative auto-like travel options to aging Americans.  
For seniors and middle-aged boomers, women are more likely to make auto trips than 
men, and these results are consistent with findings in the literature. On the one hand, women are 
generally more risk-averse than men, and they value safety more when they make decisions on 
mode choice (Byrnes, Miller, and Schafer 1999); on the other hand, in general women take more 
responsibility for family duties, such as taking children to/from school, doing grocery shopping. 
Therefore, due to the safety and convenience concerns, women are more likely to use auto travel 
than other travel modes such as public transit and taxi. Interestingly, however, there are no 
gender differences regarding travel mode choice for younger generations. This is possibly 
because women in the younger generations are more independent than before, and there is a 
growing trend that women and men are sharing family responsibilities more than before.  
Seniors and middle-aged boomers with larger household sizes or who rent their homes 
are less likely to use auto travel. It is possible these people have a lower socio-economic status 
and rely more on public transportation. However, household income itself is not a significant 




population, seniors’ socio-economic attributes are more homogeneous and thus there is no 
significant variation in household income. The 2009 NHTS survey data confirms this 
explanation: over 80 percent of senior households’ income is less than $65,000, while almost 
half of the younger households have an income of $65,000 and above. Consistently, whether the 
survey respondent is participating in the labor force is positively associated with the auto mode 
choice for middle-aged boomers and younger generations, but not for the seniors. In other words, 
whether seniors are still working does not affect their travel mode preferences.  
 
Built environment factors and mode choice 
The results show the effects of population and employment density are statistically 
significant; however, the magnitude of effects is fairly marginal. For instance, even when 
population density increases by five hundred per square mile, the odds of choosing non-auto 
travel modes for senior respondents living in the area is only about 2% higher. These marginal 
effects may be because the NHTS data are nationwide data that may not be able to catch the 
effects from high-density areas. 
Moreover, when looking at the detailed urban size variable that not only considers 
population but also encompasses residential, commercial, and other non-residential urban land 
uses, the regression results vary significantly among different age group. To be specific, 
compared with the reference urban area (at least 50,000 and less than 199,999 people), middle-
aged boomers prefer to make more auto trips even if there are more people and more urban land 
use mixes unless the urban area offers convenient public transit such as subway and rail. 
Younger people prefer non-auto travel mode if they reside in an urban size with one million or 




different urban sizes compared with the reference group. These results imply although the urban 
size variable shows different effects on middle-aged boomers and younger generations, a good 
public transit system does matters for these two age groups.  
In contrast, urban size does not seem to affect seniors’ mode choice, even if the urban 
area has a subway or rail transit system. This confirms the above results from the analysis of 
population and employment density that built environment factors are somehow inelastic for 
seniors when they make travel mode choice decisions, even if the urban area they live in offers 
comprehensive public transit system (indicated by having subway and rail). To some extent, 
these results imply increasing density alone might not be an effective strategy to change 
individuals’ travel mode choice, at least not for the current generation of aging Americans.  
 
Transportation attributes and mode choice 
People living in households with more cars, including seniors, are more likely to use auto 
travel. For middle-aged boomers and younger generations, more drivers in the household are 
positively associated with more auto trips; however, it does not affect seniors travel mode choice. 
This is possibly because a majority of seniors live along and with only one additional household 
member. If there are additional household members traveling with the respondent for the trip, 
they are much more likely to use auto. With additional family members on the trip, the odds of 
using auto are over nineteen times than the situation without. Furthermore, travel time is 
positively associated with auto mode choice for seniors and younger generations, but not for 
middle-aged boomers. It is possible many trips made by middle-aged boomers are rigid, such as 
commuting trips. Similarly, even if middle-aged boomers value travel cost as an importation 




show middle-age boomers are somehow inelastic to travel attributes such as travel time and 
travel cost.  
 
Behavioral aspects and mode choice 
As expected, different behavioral considerations regarding transportation (mode choices) 
are observed among different age groups. For seniors and younger generations, respondents who 
view the price of travel as the most important transportation issue are more likely to be those 
making auto trips, so as those who concern about highway congestion, aggressive and distracted 
drivers, and travel safety. In contrast, factors such as accessibility and availability of public 
transit, and lack of walkways or sidewalks are not statistically significant for seniors and younger 
generations. These distinctions among different behavioral aspects imply it may not be an easy 
job for transportation planners to encourage more non-auto travel mode choices, especially for 
seniors, by improving the non-auto travel conditions such as increasing the availability or 
accessibility of public transit or providing convenient and comfortable sidewalks.  
However, Table 1.3 also shows, if middle-aged boomers value those two non-auto travel 
mode related behavioral aspects (i.e., availability and accessibility of public transit and 
sidewalks), they would be more likely to choose non-auto as their travel mode. Since the middle-
aged boomers will continue to be a significant contributor of American’s population aging, this 
result presents transportation policymakers a potential opportunity to boost more non-auto use 
among the middle-aged boomers by enhancing the availability and accessibility of public transit 
and sidewalks.  
Nonetheless, these behavioral aspects surveyed in the 2009 NHTS are relatively simple. 




about their travel. For instance, many of the current generation of aging Americans prefer aging 
in place. Therefore, they may not concern themselves much about congestion or availability of 
the traditional public transportation but instead place more value on any transportation options 
that could help them maintain their independence around their homes as long as possible. 
 
1.6. Summary and Future Work 
The objective of this study is to examine aging Americans’ travel mode choice. When 
thinking about ways to improve the senior population’s travel, many suggest an investment in 
public transportation. But is this the right solution?  By analyzing the 2009 NHTS data, this 
present study suggests the answer may be “no.”  
There is strong evidence Americans, including seniors, are more in favor of auto travel 
when becoming older. Seniors are still driving, and their auto mode shares are even higher 
compared with the younger generations. Seniors prefer auto travel than public transportation, and 
their choices of auto travel are inelastic to the availability of comprehensive public transit 
systems such as subway or rail. Socio-demographic characteristics such as income and 
employment status do not affect seniors’ mode choice preferences. Many Americans, including 
seniors, live in non-urbanized areas or low-density urban areas; effects of density measures on 
seniors’ mode choice are quite marginal. Household car ownership, additional household 
members on the trip, and travel time are positively associated with seniors’ auto mode choice. 
From a behavioral perspective, people’s most important concern on transportation issue has 
different effects on mode choice among different age groups. Most interestingly, seniors would 
not change their travel mode choice even if they see accessibility or availability of public transit 




aged boomers who name these two issues as their most important concerns would be more likely 
to choose non-auto as their travel mode.  
The baby boom generation has been approaching their retirement. Most of them received 
their driver's licenses at the age of sixteen—a time when highways were reshaping urban land 
patterns. For those living in urban edges, suburbs and rural areas, automobile driving has always 
been a way of life. However, as they age and encounter biological and physiological changes, 
they most likely need alternative sources of transport. Although improving traditional public 
transportation is important, helping aging Americans, especially those live in low-density areas 
with limited transportation alternatives, to travel using their preferred means is essential.  
The results and discussions presented here suggest several directions for future work in 
the area of senior transportation planning. For instance, a behavioral survey study that focuses 
more on senior transportation and explores transportation options for the aging population is 
likely to be fruitful. Literature shows behavioral factors could have important roles in people’s 
decision making in travel mode choices. Such impacts can be even higher for the senior 
population since they value travel as an essential way to maintain their independence. However, 
the analyses of effects of behavioral aspects on seniors’ travel mode choice in this research are 
somehow limited by the questions used in the 2009 NHTS. Therefore, it is interesting to 
construct a behavioral survey specifically targeting senior transportation options and to examine 
the opinions of seniors, caregivers of older persons, and younger people. 
Developing appropriate transportation support for the senior population is indeed an 
urgent task for transportation policy makers and planners. This study suggests planners need to 
promote senior-centric transportation solutions since seniors have quite different travel mode 




process, the ultimate goal of transportation policies and practices is to bring seniors convenient 
and cost-effective transportation services no matter what socio-economic status they have and 
where they live. This study confirms traditional public transportation may not work for senior 
travelers; planners and service providers need to develop innovative senior transportation 








Essay Two: Surveying Aging Americans’ Transportation Options in the Crowdsourcing 
Age: A Survey Experiment through Amazon Mechanical Turk 
 
Abstract 
A rapidly aging population in the United States has made baby boomers’ travel needs a 
top priority for both public and private transportation agencies to consider. This group of aging 
Americans has been on the wheels since the age of sixteen, and there is no evidence showing that 
they are giving up private auto travel soon. What challenges transportation planners, operators, 
and service providers the most is figuring out aging Americans’ travel needs in a timely manner 
in order to promptly provide them with better transportation access as they age. Due to such time 
sensitivities, conventional methods, which usually rely on costly and time-consuming in-person 
or telephone interviews and travel diary survey questionnaires, may not be efficient nor effective 
to explore aging Americans’ travel behavior. To address these challenges, my research constructs 
a comprehensive survey questionnaire specifically targeting aging Americans’ transportation 
options using an innovative crowdsourcing platform—Amazon Mechanical Turk (MTurk). The 
results show my survey is able to gather meaningful insights on senior transportation options 
from different categories of respondents, including seniors, younger caregivers of elderly 
dependents, and younger people who are not caregivers, in a relatively short time frame. These 
respondents represent either current or future customers of senior transportation services. In 
addition, survey data collected from the MTurk platform represent a fairly diversified 
population; the data are able to capture respondents from different socio-demographic categories 
and share a similar distribution pattern like those seen in the general population data (e.g., 





(e.g., National Household Travel Survey). These findings indicate Amazon MTurk could be a 
valuable crowdsourcing platform for planning-related surveys, experiments, and data collections, 
especially when addressing timely issues such as aging Americans’ travel needs.  
 
Keywords: Population Aging, Senior Transportation, Travel Behavior, Survey, Amazon 
Mechanical Turk (MTurk) 
 
2.1. Introduction 
As discussed in Essay One, a rapidly aging population brings tremendous challenges to 
the transportation planning, operating, and service sectors. While no evidence shows aging 
Americans are giving up driving, seniors demand better transportation access as they age. There 
are extensive travel behavior studies on the national, regional, or local levels, but these studies 
usually target at general populations. To plan and implement transportation options that meet the 
specific needs of seniors, more in-depth investigation is required to understand the aging 
population’s travel behavior. In addition, a wide range of innovative transportation options for 
seniors has been developed recently by either public agencies or private companies7 (Dize 2013; 
Freund 2013). However, we know relatively little about whether seniors are aware of these 
options and willing to use them. Therefore, it is important to examine how to increase seniors’ 
awareness of available transportation options and also to encourage seniors to use existing and 
new options. This essay explores these issues by designing and implementing a comprehensive 
survey to study Aging Americans’ Transportation Options. 
                                                            






Understanding travel behavior is crucial in both transportation planning and management 
processes. In the planning process, one should consider different travelers’ preferences (e.g., 
travel mode choice) in order to plan various transportation infrastructure and alternatives for 
different user needs. In the operation process, one needs to have a clear picture of travel patterns 
in order to effectively manage the comprehensive transportation network that contains not only 
highways and automobiles but also the transit systems, bicycles, and pedestrians. The 
conventional way to understand travel behavior is through survey studies, in the form of in-
person interviews, mail-in survey questionnaire, dial telephone interview, and recently, on-line 
survey questionnaires (Travel Survey Methods Committee 2016). Although data reliability and 
the generalizability of survey results of the newly developed online survey method has been 
questioned, it remains one of the most commonly used research methods nowadays to understand 
travel behavior, particularly due to its easy and quick data collecting process and its lower cost 
compared to other methods (Bayart and Bonnel 2015; Susilo et al. 2017). 
 Most recently, Amazon Mechanical Turk (MTurk) has been utilized in many research 
fields, especially in social science, to conduct survey studies. For instance, it has been used in the 
studies of consumer behavior, sociology, and psychology (Berinsky, Huber, and Lenz 2012). 
These studies show the MTurk provides a useful platform to study the behavioral decisions of a 
general population. The field of transportation planning, however, has not taken full advantage of 
this convenient web-based platform for travel behavioral research. My study aims to fill in such a 
literature gap; and more specifically, I will test the applicability of the Amazon MTurk platform 
in the field of travel behavior research. 
Following the full scope of my research, I intend to conduct a behavioral survey on the 





new transportation options. I search for three types of respondents: 1) senior respondents; 2) 
younger respondents who are caregivers of an elderly dependent; and 3) younger respondents 
who are not caregivers. Opinions from these three types of respondents help planners not only to 
examine the existing conditions of senior transportation but also to explore potential future 
complications of senior transportation in advance. Through the Amazon MTurk platform, the 
MTurk workers are recruited and categorized into one of these three respondent types. A 
comprehensive survey questionnaire is designed for each type of respondents. Once the survey 
respondents identify their age category and select whether they are caregivers of an elderly 
dependent, they are assigned a set of questions that match their type. Survey respondents are then 
asked to answer these questions, which are related to seniors’ transportation reality, their 
preferences on travel, and their attitudes towards new transportation options. Detailed survey 
methods of my study will be discussed below.  
The remainder of this essay is organized as follows. In section 2.2, I review the literature 
on travel surveys and survey methods used for travel behavior studies; I also explore the 
literature of survey studies utilizing the Amazon MTurk platform. In section 2.3, I elaborate my 
survey questionnaire design as well as the survey implementation on the Amazon MTurk 
platform. In section 2.4, I analyze my survey data and compare them with the Census and the 
National Household Travel Survey. In section 2.5, I summarize my survey of seniors’ travel 






2.2. Literature review 
2.2.1. Travel surveys and survey techniques used for travel behavior studies 
Nationwide travel surveys 
Survey and survey analysis have been used in the planning field for decades (Hall 2014). 
Transportation planning in the U.S. has a long history of conducting surveys as well. In 
1930−1940 and 1951−1959, travel surveys that primarily focused on automobile and truck travel 
were conducted in some states in order to understand personal travel patterns (FHWA 2018). The 
first Nationwide Personal Transportation Surveys (NPTS) was conducted in 1969−1970. For 
more than five decades since then, the NPTS and the National Household Travel Surveys 
(NHTS) have served as the primary national data inventory of daily travel. These surveys 
represent authoritative national sources for personal travel behavior that addressed who, when, 
where, how and why the U.S. population travels (FHWA 2018). As the primary source of 
information about how Americans travel, the NPTS and NHTS are important travel surveys that 
have been conducted every five to seven years by the U.S. Department of Transportation. It helps 
policymakers and transportation planners to understand Americans’ travel and the role of travel 
in their daily lives. The most recent one was deployed in 2016−2017 (data was just released in 
March 2018), which updates the information gathered in the 2009 NHTS, 2001 NHTS, and prior 
NPTS that were conducted in 1969, 1977, 1983, 1990 and 1995, respectively.  
To collect survey data, transportation planners and researchers have used a variety of 
methods. Commonly used methods include personal interviews, telephone interviews, and self-
administered survey questionnaires distributed by different means (Travel Survey Methods 
Committee 2016). Table 2.1 listed the survey techniques used in the past NPTS and NHTS. In 





face home interviews using a pencil and paper questionnaire. The sampling frame was the 
clustered Primary Sampling Units (PSU) from retired Census surveys, and these surveys yielded 
high response rates. Starting from the 1990 NPTS, the interviews have been assisted by the 
technique called Computer-Assisted Telephone Interviewing (CATI); and a new sample called 
Random Digit Dialing (RDD) sample was used to collect more representative travel data 
throughout the country. However, the survey response rate decreased significantly. Another 
important change over time is that instead of the Bureau of Census, those later surveys were 
outsourced to and conducted by third-party statistical survey research institutes or corporations. 
One interesting feature of the new 2017 NHTS was that in addition to the traditional phone-
based surveys, survey participants might respond to the survey online, which provided a more 
convenient channel for survey respondents to participate and also improved the efficiency of 






Table 2.1. Survey techniques used in the NPTS/NHTS 
Survey Year Survey method(s) Response rate Survey Contractor(s) 
1969 
In-home interviews (some telephone 
follow-up); 
Primary sampling units 
Not available Bureau of Census 
1977 
In-home interviews (some telephone 
follow-up); 
Primary sampling units 
85.3% Bureau of Census 
1983 
In-home interviews (some telephone 
follow-up); 
Primary sampling units 




Random Digit Dialing (RDD) sample 




Random Digit Dialing (RDD) sample 




Random Digit Dialing (RDD) sample 




Random Digit Dialing (RDD) sample 
19.8% Westat, MD 
2017 
Households were randomly selected 
from a list of residential addresses; all 
selected households are first contacted 
by mail or phone; respond to the survey 
online or by phone 
15.6% Westat, MD 
Source: 2009 National Household Travel Survey User’s Guide, Page 3-5 to 3-13; 2017 NHTS Data User Guide, 
Page 46. 
 
Regional travel surveys  
Besides the nationwide travel surveys, there have also been many travel surveys 
conducted by metropolitan areas, states, and localities. For instance, sponsored by the Bureau of 
Transportation Statistics and the Federal Highway Administration (FHWA)8, Metropolitan 
Travel Survey Archive9 stores many of these historical surveys and makes them publicly 
available via the Internet. For example, the Puget Sound Regional Council (PSRC) 2006 
Household Activity Survey studied regional residents’ travel activities and travel preferences 
using a two-day travel activity diary and a questionnaire containing attitude questions and a 
                                                            
8 Both are parts of United States Department of Transportation. 





stated preference/choice experiment (PSRC 2016; Cambridge Systematics, Inc. 2007). Similar to 
the nationwide travel surveys, many of the recent regional and local travel surveys used survey 
techniques such as Computer-Assisted Telephone Interviewing (CATI) and the Random Digit 
Dialing (RDD) samples. 
In contrast to the traditional, less frequent larger-scale travel surveys, many regional 
agencies have recently been conducting more frequent but smaller-scale travel surveys. For 
instance, the San Francisco Municipal Transportation Agency (SFMTA) has been conducting 
travel decision surveys (TDSs) on an annual basis since 2012 (SFMTA 2017; Fehr & Peers 
Transportation Consultants 2017). Each year the TDS collects responses from approximately 
750 Bay Area residents. The main objective of the annual TDS is to collect people’s travel 
decisions and to explore the reasons behind them, so as to monitor whether the trend of travel 
mode share meets the regional strategic goal towards a more sustainable future (SFMTA 2013; 
Maguire 2017).10  
Another example is the PSRC multi-year household travel survey program. During 2014 
and 2015, PSRC planned a three-phase travel study, containing the spring 2014 household 
survey, the fall 2014 college (students and staff) survey, and the spring 2015 household survey 
(RSG 2015). The first phase survey was a traditional large-scale travel diary survey targeted 
more than 6,000 households throughout the whole region. The second phase captured travel 
features of university students and staff, a population that was often underrepresented in typical 
household travel studies. The last phase was a booster survey containing several interesting and 
unique features. First, the survey sample included some households who participated in the 
spring 2014 household survey, which generates valuable longitudinal data set for the regional 
                                                            
10 The FY 2013 - FY 2018 SFMTA Strategic Plan (Strategic Objective 2.3: Mode Share) sets the target at 50 percent 
trips by private automobile and 50 percent trips by non-private auto modes, such as walking, biking, transit, taxis, 





travel studies. Second, it also recruited new household in the sample to collect cross-sectional 
data more frequently. Third, perhaps the most interesting feature of the 2015 spring survey is that 
it carried out a smartphone-based GPS survey using a small sample drawn from the households 
who completed the spring 2014 travel study. The purpose of this is to assess the feasibility of full 
employment of smartphone-based data collection techniques in future travel surveys (PSRC 
2017b). Building upon many of its early travel survey studies, PSRC has currently been 
conducting and planning a six-year survey program for three waves (i.e., three two-year cycles 
for 2017, 2019, and 2021 respectively). These multi-year travel surveys are believed to continue 
supporting the data collection and analysis needs in a wide variety of planning agencies (PSRC 
2017a). 
As the above review shows, across many planning agencies, there exists a trend of 
conducting smaller surveys at a regular basis and short intervals rather than administering 
traditional large-scale surveys every six to ten years. On the one hand, this is a more cost-
effective approach to allocate the already tight planning budgets. On the other hand, more 
frequent travel surveying collects travel data in a timelier fashion so that these up-to-date travel 
data can be used to more effectively monitor and manage (regional) travel patterns. In addition, 
with the accumulation of more frequent travel data, researchers and planners can better analyze 
travel behavior changes over time, evaluate possible reasons behind them, and search for 
potential solutions promptly.  
 
Other travel surveys  
There are many small-scale independent travel behavior surveys conducted by 





broader range of objectives and contents. They may target at survey respondents with specific 
socio-demographic backgrounds, e.g., children, seniors, woman, students, and low-income 
groups (McDonald et al. 2013; Siren and Haustein 2016; Hohenberger, Spörrle, and Welpe 
2016; Emond and Handy 2012; Rodriguez and Joo 2004; de Lima, Leonor Maia, and Lucas 
2017). They may have study interests in specific travel modes, e.g., private cars, transit, walking, 
biking (Karlsson 2017; Fan, Guthrie, and Levinson 2016; Kang et al. 2017; Emond and Handy 
2012). They may focus on particular types of travel behavior – commuting trips, school trips, 
leisure trips, and parking, etc. (Khattak, Koppelman, and Schofer 1993; Frater et al. 2017; 
Dominik, Carsten, and Claudia 2017; Douissembekov et al. 2014). Alternatively, they may have 
distinct purposes for the study—identifying factors that affect travelers’ mode choice(s), 
evaluating the outcomes of policy interventions, or analyzing user experience of 
programs/services (Khattak and Rodriguez 2005; Jia et al. 2017; Goldwyn 2017). 
 Many of these independent travel behavior studies have been utilizing the traditional 
survey techniques as in the national and regional travel surveys. Some studies design travel diary 
questionnaires and implement the survey by mail (Khattak and Rodriguez 2005; Douissembekov 
et al. 2014; Song et al. 2017). Some conduct personal interviews or focus group studies to gather 
more in-depth information from the respondents (Werneke, Dozza, and Karlsson 2015; Prat et 
al. 2017; de Lima, Leonor Maia, and Lucas 2017). However, there have been more and more 
travel behavioral studies practicing and experimenting innovative survey methods, including 
mix-methods (Bayart and Bonnel 2015; Susilo et al. 2017), smartphone (Comendador and 
López-Lambas 2016; Allström, Kristoffersson, and Susilo 2017), GPS (Jones et al. 2009; Kang 
et al. 2017), and socio-media (Zhang, He, and Zhu 2017; Rashidi et al. 2017). These innovative 





travel diary collection methods. Compared to conventional household travel surveys, data 
collection through these innovative methods is usually less expensive and easier to implement. 
Some of these methods can make more inclusive, complete, door-to-door, travel survey 
measurements. It is worth noting, though, different survey methods may perform better in 
different dimensions. One of the important advantages of using some of these innovative 
methods is that they can monitor the individual’s longitudinal travel behavior features over a 
much longer observation period. 
 
Summary 
Travel surveys have been used for travel behavioral studies at different scales, with 
diverse objectives and contents, and via various surveying techniques. Most national and 
regional planning agencies rely on large-scale travel diary surveys, which maintain the random 
sampling frame but are often costly and time-consuming. On the contrast, there have also been a 
significant number of independent travel behavior studies that start exploring non-traditional 
survey methods such as convenience samples and Internet samples, which are typically less 
expensive and more convenient to get and can be collected in a timelier manner. Although the 
generalizability feature of random sampling is desirable, when facing new or dynamic planning 
issues, small-scale (pilot) surveys using cost-effective and innovative methods can help planners 
and practitioners to quickly identify potential problems first and then to search for potential 
solutions. Therefore, with the rapidly progressing population aging, these innovative surveying 
methods might work better than traditional large-scale surveys in order to promptly identify and 






2.2.2. Amazon MTurk platform in survey research 
Amazon Mechanical Turk (MTurk) is an online “marketplace for work that requires 
human intelligence.”11 More specifically, it is a web-based platform where “requesters” can post 
Human Intelligence Tasks (HITs)12 and recruit diverse and on-demand “workers” to complete 
these tasks quickly and at a relatively inexpensive cost. Amazon MTurk has recently been used 
by researchers, mostly in psychology, behavioral studies, and social sciences (Berinsky, Huber, 
and Lenz 2012). It provides researchers with a means to recruit individuals for experiments or to 
conduct web-based surveys.  
Advantages of employing Amazon MTurk include but are not limited to the following: it 
has a large participation pool; it offers a streamlined process of study design, participant 
recruitment, and data collection; and it has an integrated participant compensation system 
(Buhrmester, Kwang, and Gosling 2011). MTurk now has more than five hundred thousand 
“workers” throughout the world.13 Once researchers create a “requester” account on the Amazon 
MTurk website and deposit funds into the account, they can start to post their research tasks as 
HITs and to recruit MTurk “workers” to work on these HITs right away. Amazon will then 
handle the compensation payments.14 The typical cost is under one dollar per completion of a 
five-minute HIT, which is significantly lower compared to traditional methods (Buhrmester, 
Kwang, and Gosling 2011). 
In terms of data quality, Buhrmester and his colleagues claim “MTurk can be used to 
obtain high-quality data inexpensively and rapidly” (Buhrmester, Kwang, and Gosling 2011, 
                                                            
11 https://www.mturk.com/mturk/help?helpPage=overview 
12 such as identifying objects in a photo or video, performing data de-duplication, transcribing audio recordings, or 
researching data details 
13 https://requester.mturk.com/tour 
14 Amazon now collects 20 percent commission from requesters on all payments; HITs with 10 or more assignments 





page 3). Their analysis shows the data obtained from Amazon MTurk is at least as reliable as 
those obtained via traditional methods. They also found realistic compensation rates do not affect 
data quality, but participation rate is affected by compensation rate and task length. Berinsky and 
his co-authors state the MTurk sample does not present a wildly distorted view of the U.S. 
population; and it is attractive as a means for conducting internally valid experiments (Berinsky, 
Huber, and Lenz 2012). Compared with a representative sample of a population, say, a random 
digit dialing telephone survey sample, Simons and Chabris (2012, page 4−5) found “studies on 
MTurk can provide a nationally representative sample using the same weighting procedures used 
for telephone polling.” 
However, no method is perfect, and the Amazon MTurk experiment/survey platform has 
drawbacks as well. There are possible self-selection concerns (Berinsky, Huber, and Lenz 2012). 
Without proper weighting mechanism, MTurk sample may contain younger and more female 
subjects compared to the general population (Paolacci, Chandler, and Ipeirotis 2010). 
Nonetheless, there have been a large number of quantitative replication studies showing that 
results collected via Amazon MTurk are reasonably compatible with data collected from 
traditional means, such as physical labs, convenience samples, internet samples, face-to-face 
interviews (Mason and Suri 2012; Paolacci, Chandler, and Ipeirotis 2010; Rand 2012; Berinsky, 
Huber, and Lenz 2012; Paolacci and Chandler 2014). 
There are only a limited number of transportation planning related studies that have used 
the Amazon MTurk tool. For instance, one group of researchers conducted a route choice 
experiment on MTurk in the spring of 2013. They recruited participants there and asked them to 
make route choice decisions based on the official and six alternative hypothetic Washington DC 





subway maps as a low-cost planning tool to gather information on passenger route choice and to 
guide future planning processes. Another group of researchers designed a pedestrian receptivity 
questionnaire to access pedestrian receptivity toward fully autonomous vehicles (Deb, 
Strawderman, Carruth, et al. 2017). The questionnaire, containing items about attitude, social 
norms, trust, compatibility, and system effectiveness, was distributed on MTurk. The same group 
of researchers also successfully tested a pedestrian behavior questionnaire using survey 
respondents recruited via MTurk to evaluate pedestrian behavior at crosswalks (Deb, 
Strawderman, DuBien, et al. 2017). In addition, there have been studies utilizing MTurk 
platform to conduct consumer surveys on electric vehicles (Krupa et al. 2014; Helveston et al. 
2015); some researchers used MTurk to recruit part of their survey respondents in order to 
examine user preferences regarding autonomous vehicles (Haboucha, Ishaq, and Shiftan 2017). 
As indicated by the literature above, the Amazon MTurk can be a valuable crowdsourcing 
platform to help test or validate planning-related surveys and experiments.  
 
2.3. Design of the Amazon MTurk Survey Experiment   
2.3.1. Survey questionnaire 
As suggested by earlier research, Amazon MTurk workers, similar to standard Internet 
survey respondents, tend to be younger (Paolacci, Chandler, and Ipeirotis 2010). Therefore, a 
comprehensive survey questionnaire is designed to catch more respondents’ thoughts on senior 
transportation options. My MTurk survey targets three types of respondents: 1) senior 
respondents; 2) younger respondents who are caregivers of an elderly dependent; and 3) younger 
respondents who are not caregivers. The first two types of respondents can help us understand 





respondents, can help us explore potential future complications of senior transportation in 
advance. Appendix B shows the final version of my survey questionnaire. At the beginning of 
the questionnaire, the survey respondents first self-identify their age category and select whether 
they are caregivers of an elderly dependent; then they are assigned a subset of questions that 
match their own situations. The survey questions contain the following categories: socio-
demographics, health, living environment, transportation reality, preference on travel, and their 
attitudes towards new transportation options. Some of the featured questions in each category are 
highlighted in Table 2.2 below. 
Table 2.2. Example questions in the Amazon MTurk survey questionnaire 
Categories  Example Questions 
Socio-demographics Age, Gender, Race, Income, Education, Employment 
Health Health condition, Health insurance, Impact of transportation on access to health services 
Living environment Density, Accessibility (shopping, health services, recreational, and social), Household features, Housing 
Transportation reality Driving or not, Travel options used in the past year, Travel frequency, Typical travel time, Most used travel option and factors behind, Home delivery service 
Preference on travel Travel support services provided by different stakeholders (e.g., community, public, private, or family members) 
Attitudes towards new 
transportation options 
Likelihood of trying/using new transportation options if information about these 
options is disseminated by different stakeholders (e.g., community, public, private, 
or family members) 
 
The socio-demographic information can help us to understand the basics of MTurk 
survey respondents. In addition, we can compare such an Internet sample with the existing and 
traditional survey samples that have been used in the travel behavioral research field. For 





sample with those in the NHTS and Census data. We can then evaluate whether the MTurk 
survey data is a reasonable data source for travel behavior research. 
Health conditions pose significant constraints on one’s travel choice; conversely, travel 
habits (e.g., auto-dependent lifestyle) affect one’s health conditions as well. This reciprocal 
relationship between people’s daily travel and their health becomes more conspicuous for the 
aging population. One the one hand, aging people tend to (gradually) have more medical 
conditions than younger generations. On the other hand, most older adults in the United States 
started driving at the age of sixteen; such a lifestyle (i.e., lack of everyday physical activities) 
contributes many of today’s predominant health problems (e.g., cardiovascular diseases (CVDs), 
diabetes mellitus, obesity) (Sallis et al. 2012). Since seniors are the focus population in this 
research, it is helpful to explore survey respondents’ health conditions.  
Built environment, which decides people’s trip origin and destination, is always tied with 
transportation planning and practice. One cannot examine transportation options without 
considering the living environment in which travelers live, work, shop, recreate, and socialize.  
Seniors are expected to have different travel features from younger generations. 
Therefore, questions in the transportation reality category intend to explore whether respondents 
are (still) driving; what types of travel options they have used in the past; what are their travel 
characteristics (e.g., travel frequency, travel time); what is their most used travel option and why 
they used such an option; and, whether respondents used home delivery services along with the 
booming of e-commerce in the recent decades; and whether these delivery services substituted 
their typical daily travel.  
As discussed in Essay One, senior travelers will gradually need help on transportation 





support: whether it is from neighbors/community centers (e.g., local YMCA/senior center shuttle 
services), public agencies (e.g., local transit agency), private services (e.g., taxi or Uber service), 
or family members/friends. 
Existing literature also shows there have been new transportation options developed by 
various stakeholders (Dize 2013; Freund 2013). However, many seniors either are not aware of 
these new options or do not trust these services. Therefore, this behavioral survey also asks 
respondents about their attitudes towards new transportation options. More specifically, my 
survey explores the likelihood of seniors trying/using new transportation options if the 
information about these options is disseminated by different stakeholders (e.g., community, 
public, private, or family members). 
 
2.3.2. Survey implementation 
Figure 2.1 shows the conceptual framework of my survey experiment. The web-based 
Qualtrics Survey Software15 is utilized to create all the survey questions. Through advanced 
functions in Qualtrics, I am able to develop a survey questionnaire that, based on respondents’ 
answers, automatically diverts them to different sets of survey questions for the three types of 
respondents discussed above. Then, the web-based survey questionnaire is pretested by two 
groups of people. The first group includes planning professors and my Ph.D. colleagues who 
know either the context of travel behavior analysis or the knowledge of survey techniques. I 
modify the survey questionnaire based on all of their critiques and suggestions. The second 
group includes my personal friends who have little or no knowledge about transportation 
planning and travel behavior survey. They mimic the survey respondents I will recruit through 
the Amazon MTurk, in terms of the knowledge about the survey contents. I also address the 






questions and comments on my survey contents from the second group. With the finalized 
survey questionnaire, Qualtrics helps me to generate a survey link which is later embedded in my 
Amazon MTurk HIT workers recruitment post.  
 
Figure 2.1. Conceptual framework of Amazon MTurk survey experiment  
 
To determine the sample size, I conduct power analyses based on the one-sample mean 
test and the paired test comparing correlated means.16 Following recommendations in the 
literature, I use a medium effect size (i.e., d = 0.5) in the power analyses (Cohen 1988; Lipsey 
                                                            
16 These are tests that will be employed in Essay 3 for more comprehensive examinations of senior transportation 
options.  
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and Wilson 1993; Bausell and Li 2002). The effect size here is defined as the ratio between 
population mean difference and their common standard deviation. As shown in Figure 2.2, to 
achieve a power of 0.8, which is generally used by researchers (UCLA IDRE n.d.), the minimum 
required sample size for my mean tests is thirty-four. As the survey cost on Amazon MTurk is 
relative low (more on this below) and I will also conduct subgroup analysis based on my full 
sample, I propose to use a relatively large sample size of five hundred, which should carry 
enough power to analyze my data sample.  
   
              a. one-sample mean test b. paired test comparing correlated means 
Figure 2.2. Power analysis (power as a function of sample size) 
 
The estimated time to complete the survey is about five (5) minutes. The survey 
respondent will be paid $0.75 once they finish all survey questions. The survey was launched on 
the Amazon MTurk platform in March 2016. Figure 2.3 displays a screenshot of my Amazon 
MTurk HIT. The survey is set to be posted on MTurk for approximately four weeks or when the 
number of respondents reaches five hundred, whichever comes first. During the actual survey 





































results were returned and stored in Qualtrics and are later exported into the Data Analysis and 
Statistical Software – Stata17 for further analysis.  
 
Figure 2.3. Screenshot of Amazon MTurk HIT (to recruit survey respondents) 
 
In terms of survey implementation costs, Amazon generally charges 20 percent fee on the 
payment requesters pay to workers. For HITs with ten or more assignments, Amazon will charge 
an additional 20 percent fee. Since my questionnaire (i.e., HIT) contains more than ten survey 
questions (i.e., assignments), I need to pay 40 percent commission fee to Amazon. Therefore, the 
total cost for this survey is $525.00, including $375.00 ($0.75 × 500) paying to MTurk workers 
and $150.00 ($375.00 × 40%) paying to Amazon as a commission fee.  
 






2.4. Evaluating the Quality of Amazon MTurk Survey Data18  
2.4.1. Data processing 
All five hundred survey responses collected in the Qualtrics survey software are exported 
to Stata. The survey data are first screened, and obvious outliers are eliminated from further 
analysis. For instance, if the responding duration is less than 2.5 minutes, the corresponding 
observation is dropped from the further analysis. The final dataset contains four hundred 
seventy-five observations. Table 2.3 shows the frequency distribution of different respondent 
categories. Not surprisingly, a majority of survey respondents are younger than sixty-five years 
old; about 42 percent of them are caregivers of older adults. Importantly, the Amazon MTurk 
platform is able to catch twenty-eight senior respondents. Overall, this survey data represents a 
fairly diversified population. 
Table 2.3. Frequency distribution of different respondent categories 
Respondent category Frequency Percentage 
Seniors 28 5.89% 
Caregivers 189 39.79% 
Non-caregivers 258 54.32% 
Total 475 100.00% 
   
2.4.2. Geolocations of survey respondents 
Using an online geocoding tool, batchgeo19, all ZIP codes reported by Amazon MTurk 
survey respondents are geocoded, and their geolocations are mapped, as shown in Figure 2.4. 
Geographically, the survey respondents are widely spread in the country: they come from many 
different states except for a few states in the mid-west and north-east. 
                                                            
18 The main focuses of this essay (i.e., Essay Two) are to introduce the MTurk survey experiment and to explore the 
quality of MTurk survey data. The detailed analysis of aging Americans’ travel behavior and travel preference will 







Figure 2.4. Geolocations of all Amazon MTurk survey respondents 
(Source: (Deb et al. 2017)) 
 
2.4.3. Socio-demographic characteristics 
Age 
 I compare the age distribution of respondents in the MTurk survey with those in the 2017 
NHTS data (the most recent nationwide travel survey from the U.S. Department of 
Transportation) and the 2016 American Community Survey (ACS) estimates data (the most 
recent U.S. population data from the Census Bureau). As shown in Figure 2.5, the MTurk survey 
result contains a larger share of respondents who are between twenty-five and thirty-five years 
old, compared with 2017 NHTS and 2016 ACS estimates. As expected, the percentage of senior 
respondents is relatively low, possibly because the survey was distributed through a web-based 
platform and seniors may be less frequent users of the Internet than members of younger 
generations. These patterns are consistent with those identified in other researches using Amazon 





results, in general, are able to capture respondents from all age groups, and it shares a similar 
distribution pattern as the 2017 NHTS and 2016 ACS estimates except for a few age groups (i.e., 
the 25-34 age group and 75+ age groups). 
 
Figure 2.5. Age distribution and comparison with 2017 NHTS and 2016 Census 
(n MTurk = 475; n 2017 NHTS = 827,555) 
(Source: U.S. Department of Transportation, 2017 National Household Travel Survey; U.S. Census Bureau, 2016 
American Community Survey 1-Year Estimates) 
 
Gender 
There are more female respondents than male respondents in the MTurk survey, and this 
pattern holds for all three categories of survey respondents – Seniors, Caregivers, and Non-
caregivers. The differences between two gender shares in all three categories of survey 
respondents are all greater than what was observed in the 2017 NHTS and the 2016 ACS 
estimates. Neither are these gender distribution differences consistent with the gender 
distribution observed in the typical MTurk worker population. Recent studies show there are no 
more gender gaps observed in the typical MTurk worker population; to some extent, there are 
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MTurk workers responding to the survey of senior transportation options? One potential 
explanation is self-section. Each MTurk worker can choose whichever HIT(s) he or she wants to 
participate in. It is possible women, and hence female MTurk workers, tend to pay more 
attention to such topics of senior transportation (and therefore agree to participate). In fact, by 
reviewing the detailed survey responses, I observe female respondents are more likely to leave 
specific comments and suggestions in the open-ended questions.  
 
Figure 2.6. Gender distribution and comparison with 2017 NHTS and 2016 Census 
(n MTurk Seniors = 28; n MTurk Caregivers = 189; n MTurk Non-Caregivers = 258; n 2017 NHTS = 827,555) 
(Source: U.S. Department of Transportation, 2017 National Household Travel Survey; U.S. Census Bureau, 2016 
American Community Survey 1-Year Estimates) 
 
Income 
Figure 2.7 shows the household income distribution of the Amazon MTurk survey 
respondents and compares it with that from the 2016 Census estimates. There are smaller 
percentages of respondents with high household incomes, compared with the current census 
survey estimates that represent the U.S. general population. More MTurk survey respondents 
belong to the categories of middle household income. These patterns are consistent with other 
studies that report MTurk workers’ demographic (Ipeirotis 2015). However, they may show 

















results based on this sample of Amazon MTurk respondents. Further focus group interviews and 
studies can be helpful to study seniors’ travel preference in those under-represented income 
categories. 
 
Figure 2.7. Income distribution and comparison with 2016 Census 
(n MTurk = 475) 
(Source: U.S. Census Bureau, Current Population Survey, 2017 Annual Social and Economic Supplement) 
 
Education 
As shown in Figure 2.8, more than 55 percent of MTurk survey respondents have either a 
bachelor’s degree or postgraduate degree. That is significantly higher than its counterpart in the 
2017 NHTS and 2017 current population survey estimates (i.e., 45% and 31% respectively). This 
finding of skewness towards higher education level is again consistent with the observations 
made in other behavioral researches utilizing the Amazon MTurk platform (Paolacci, Chandler, 
and Ipeirotis 2010). This skewness may affect the representativeness of the survey results, which 
require attention in future transportation behavioral studies relying on Amazon MTurk workers 
or similar survey platforms. 
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Figure 2.8. Education distribution and comparison with 2017 NHTS and 2017 Census 
(n MTurk = 475; n 2017 NHTS = 827,555) 
(Source: U.S. Department of Transportation, 2017 National Household Travel Survey; U.S. Census Bureau, Current 




Respondents’ daily travel features related to shopping, health care, and recreation or 
social activities are collected in the MTurk survey. I do not gather travel characteristics about 
commuter trips in my survey questionnaire because along with the aging process, seniors’ major 
travel needs gradually shift from commuting to other daily travels, such as shopping, health care, 
and recreation or social activities. The distribution of travel distance for these daily travels is 
shown in Figure 2.9, and it is compared with that from the 2017 NHTS. Most respondents in 
MTurk survey travel 1/2 to 10 miles for trips related to their daily needs; a similar pattern is 
observed in the 2017 NHTS. MTurk survey respondents report slightly higher shares for this 
mid-range travel distance. In particular, 84%, 80%, and 82% MTurk survey respondents travel 
one-half to ten miles for trips related to shopping, health care, and social activities, respectively. 
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one-half mile for their daily needs, which generally represents a comfortable walking distance. 
This implies most of the trips related to daily needs are not via walking. In addition, healthcare 
related trips tend to have longer travel distance than other trips for both MTurk survey and the 
2017 NHTS respondents. For instance, only 3% of MTurk survey respondents and 5% of 2009 
NHTS respondents can travel less than one-half mile for their healthcare needs; while the shares 
of healthcare travel that are greater than ten miles for these two surveys are 18% and 30%, 
respectively. Overall, as shown in Figure 2.9, the travel distance distribution of MTurk survey 
results follows the general distribution pattern of the 2017 NHTS data across all specific travel 
purposes, i.e., shopping trips, health care trips, and recreation or social trips.  
 
Figure 2.9. Travel distance distribution and comparison with 2017 NHTS 
(n MTurk = 475; n 2017 NHTS = 373,175) 
(Source: U.S. Department of Transportation, 2017 National Household Travel Survey) 
Travel mode 
Another transportation feature collected in the MTurk survey, travel mode, is analyzed 
and compared with the 2017 NHTS data. Since my survey focuses on seniors’ transportation 
options, it has a slightly different categorization of travel modes than the 2017 NHTS, which 
targets the general population’s travel characteristics. Therefore, due to the differences in survey 
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questionnaire design between my MTurk survey and the 2017 NHTS, I analyze a selected set of 
travel modes here. Similar to the travel distance analysis above, the travel mode analysis and 
comparison are controlled for trips related to respondents’ different daily needs, i.e., shopping 
trips, health care trips, and recreation or social trips. As Figure 2.10 shown, the most popular 
travel mode used by both MTurk survey and the 2017 NHTS respondents is private vehicle, i.e., 
86% and 84%, respectively. In contrast, there are only 5% MTurk survey respondents and 12% 
NHTS respondents walk for their daily needs; the share of using public transits (train and bus) is 
even lower, 3% and 2%, respectively. These numbers appear to be consistent with the travel 
distance analysis above in that most trips taken by the respondents in both surveys are longer 
than half a mile, which is beyond a comfortable walking distance. Again, the overall travel mode 
distribution of MTurk survey seems to follow the general pattern of the 2017 NHTS data, 
suggesting MTurk could be a valuable crowdsourcing platform for conducting transportation or 
planning surveys and experiments.  
 
Figure 2.10. Travel mode comparison with 2017 NHTS 
(n MTurk = 475; n 2017 NHTS = 373,521) 
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2.5. Summary and Future Work 
Surveys have been used extensively in transportation researches and practices. Since the 
1930s, state and federal transportation agencies have started using surveys to understand 
Americans’ daily travel pattern in order to support planning, to update policies, and to improve 
services. Most nationwide and regional travel surveys conduct in-person interviews, telephone 
interviews, or self-administered survey questionnaires distributed by mail. However, many of 
these survey methods are quite costly and time-consuming. The prior literature also shows many 
travel surveys conducted by transportation researchers and practitioners tend to have a wide 
range of objectives and use a variety of survey methods. With the fast demographic change 
towards population aging, seniors’ travel preferences need to be addressed in a timely manner. 
Meanwhile, rapid technological innovations and new business models offer researchers and 
practitioners unique channels in the crowdsourcing age to conduct behavioral studies. My survey 
of aging Americans’ travel behavior is certainly a compelling pilot experiment utilizing the 
innovative Amazon MTurk platform.  
The MTurk survey results indicate the MTurk platform is able to capture three categories 
of respondents that represent 1) seniors; 2) younger generations who are caregivers of an elderly 
dependent; 3) younger generations who are not caregivers. Geographically, survey respondents 
from the MTurk crowdsourcing platform are widely spread across different states. Compared 
with the most recent NHTS and census, the MTurk survey data contain more younger 
respondents, slightly more female respondents than male respondents, fewer respondents’ with 
household income falling into either low-income or high-income categories, and more 





Overall, the Amazon MTurk survey data represent a fairly diversified population. Further 
comparisons also confirm the distribution of transportation features collected via MTurk survey, 
e.g., travel distance and travel mode, follows the distribution pattern of the 2017 NHTS data. In 
general, the MTurk survey is able to catch respondents from different socio-demographic 
categories, and its respondents share a similar distribution pattern as those observed in the 
general population data (i.e., Census) and the large-scale nationwide transportation survey data 
using random sampling methods (i.e., NHTS). 
 As one of the first pilot experiments testing a crowdsourcing platform for conducting 
travel behavioral research, my survey has the following limitations that motivate several 
directions for future studies. First, similar to other studies using convenience samples, there may 
exist self-selection bias in the survey results. Second, without a proper weighting mechanism, 
MTurk results may over-represent or under-represent groups of respondents with certain socio-
demographic characters. Nonetheless, this study demonstrates to planners and decision-makers 
that, together with many other innovative online data collecting tools, Amazon MTurk could be a 
valuable crowdsourcing platform for conducting planning-related surveys, experiments, and data 







Essay Three: Exploring Aging Americans’ Travel Preferences and Options: Analysis of the 
Experimental Amazon Mechanical Turk Survey 
 
Abstract 
While there is a consensus among transportation practitioners and researchers on the 
challenges posed by the rapidly aging population, we know relatively little about how to increase 
seniors’ awareness of available transportation support and how to encourage seniors to use 
existing and new transportation options. By analyzing my Amazon MTurk survey data, this 
essay investigates these issues. First, the users of senior transportation services are not limited to 
seniors themselves. Thus, my survey examines different types of users of senior transportation 
services including seniors, caregivers and their elderly dependents, as well as younger travelers. 
Results show similarities as well as disparities in transportation features, preferences, and 
attitudes among different respondent groups. Second, for aging boomers, travel is often beyond 
the simple description of origins and destinations; it is a symbol of independence and is a critical 
factor for quality of life. Therefore, instead of the traditional utility-based mode choice models, 
my study attempts to incorporate behavioral factors derived from the Theory of Planned 
Behavior (TPB) to explain seniors’ travel mode choices. While respondents from different user 
groups value behavioral factors quite differently in their travel mode choices, attitude factors 
(e.g., convenience, preference, and independence) in general are perceived as more important 
drivers for respondents’ mode choices than other aspects of TPB (e.g., social norm, feasibility, 
and cost). This indicates more attention should be paid to attitude factors, rather than the 
traditional concerns such as feasibility and cost when designing and implementing interventions 





types of senior transportation support, as well as respondents’ preferable channels from which 
they want to receive information about new senior transportation options. Results show 
respondents from all different groups value transportation support provided by family members 
and friends the most, suggesting promoting family- and friend-like senior transportation support 
could gain more trust and attract more users. It is also encouraging to find respondents across all 
three groups value all types of information channels and that they are willing to try senior 
transportation options promoted via these channels. 
 
Keywords: Population Aging, Senior Transportation, Travel Behavior, Theory of Planned 
Behavior (TPB), Survey, Amazon Mechanical Turk (MTurk)  
 
3.1. Introduction 
 The baby boomer generation, who has created the most dramatic changes in the age 
structure of the U.S. population in the past century, has been turning sixty-five since 2011. There 
is a consensus among transportation practitioners and researchers on the challenges posed by the 
rapidly aging population. Many existing senior transportation options often focus only on 
(current) seniors’ (own) travel needs. However, the users of senior transportation services, i.e., 
those who choose to use and pay for these services, do not limit to seniors themselves and can 
come from a much broader population. By designing and implementing a comprehensive 
behavioral survey via Amazon MTurk platform, I examine different types of users of senior 
transportation services including seniors themselves, caregivers and their elderly dependents, as 
well as younger travelers (who will become the future users of these services). Such a user group 





about senior and elderly dependent groups’ current transportation needs, about transportation 
challenges faced by the caregiver group, and about perspectives from the younger group on 
future senior transportation options. 
For aging boomers, travel is often beyond the simple description of origins and 
destinations; it is a symbol of independence and is a critical factor for quality of life. However, 
there is limited literature that examines such behavioral aspects in seniors’ travel mode choices. 
From a psychological behavior perspective, my study attempts to incorporate different aspects of 
the Theory of Planned Behavior (TPB) to explain seniors’ travel mode choices. More 
specifically, my Amazon MTurk survey investigates behavioral factors related to the most used 
travel mode among three types of survey respondents (i.e., seniors, caregivers of seniors, and 
younger people). These factors include convenience, preference, independence, social norm, 
feasibility, and cost. They respectively represent three drivers for one’s behavioral change in the 
TPB: “attitudes,” “subjective norm,” and “perceived behavioral control.”  
Although there are more senior transportation options available today, we know relatively 
little about how to increase seniors’ awareness of these available transportation options and how 
to encourage seniors to use existing and new options. By analyzing the Amazon MTurk survey 
data, this essay also explores respondents’ preferences on types of senior transportation support, 
including support from neighbors, community centers, public agencies, private services, or 
family members and friends. Then, this essay also analyzes respondents’ preferable channels 
from which they want to receive information about senior transportation options.  
The remainder of this essay is organized as follows. In section 3.2, I explore factors 
affecting seniors’ travel mode choices; in particular, I introduce behavioral factors based on the 





transportation services, as well as innovative practices of senior transportation options. In section 
3.3, I articulate my research questions, survey data, and analytical methods. In section 3.4, I 
analyze my survey data and interpret my findings. In section 3.5, I summarize my behavioral 
survey study of senior transportation options and discuss limitations and potential future research 
directions. 
 
3.2. Literature Review 
3.2.1. Factors of seniors’ travel mode choices 
A range of travel behavior theories seeks to explain individuals’ travel mode choice. 
Many current travel behavior researches have drawn primarily on the demand theory, which uses 
the utility maximizing framework with an engineering-oriented utility maximization model to 
optimize utility (e.g., how quickly or inexpensively one can travel from origin to destination with 
a particular travel mode) (National Research Council (US) 2005). However, seniors often view 
travel beyond the simple scope of travel time, distance, or cost; instead, they consider travel as a 
self-image issue and as an essential component of their independence of life. Adapting a 
behavioral theory from the psychology perspective may provide a better and more complete 
explanation of seniors’ travel mode choices. A clear understanding of the drivers of seniors’ 
travel mode choices allows us to identify effective strategies to improve seniors’ transportation 
experience now and in the future. My study attempts to incorporate the Theory of Planned 
Behavior (TPB) in the behavioral survey design and analysis.  
Theory of Planned Behavior explains behavior as the interplay among attitude towards 
the behavior, subjective social norm, and perceived behavioral control (Godin and Kok 1996). 





behavior (Act) is an expression of one’s positive or negative evaluation of performing a given 
behavior” (Godin and Kok 1996, page 88). In my survey, I evaluate respondents’ “attitude” 
factors, by asking them what factors lead them to their current most frequently used travel mode: 
convenience, personal preference, or independence of life. “The perceived subjective social norm 
(SN) reflects personal perception of the social expectations to adopt a given behavior” (Godin 
and Kok 1996, page 88). My questionnaire surveys the “social norm” factor by asking whether 
the respondents pick the most frequently used travel mode is because their friends and neighbors 
use the same travel option. “Perceived behavioral control (PBC) reflects personal beliefs as to 
how easy or difficult performing the behavior is likely to be” (Godin and Kok 1996, page 88). 
Personal beliefs may depend on both external factors (e.g., availability of time or money, social 
support) as well as internal factors (e.g., ability, skill, information). The “perceived control” 
factors collected in my study include feasibility and cost of the most frequently used travel mode.  
Theory of Planned Behavior has been applied in many research fields, such as consumer 
behavior, energy saving, environmental protection, and health behavior (Pookulangara, Hawley, 
and Xiao 2011; Tan, Ooi, and Goh 2017; Oztekin et al. 2017; L. T. Lee et al. 2017; Mancha and 
Yoder 2015). Factors proposed in the TPB have been approved to be significant predictors of 
people’s behavioral change. A range of transportation-related studies has also used TPB to 
explain travelers’ behaviors (Potard et al. 2018; J. Y. Pan and Truong 2018; Jiang et al. 2017; 
Frater, Kuijer, and Kingham 2017; Barton, Kologi, and Siron 2016; Thorhauge, Haustein, and 
Cherchi 2016; Li et al. 2016; Zhou, Romero, and Qin 2016; Warner and Åberg 2006).  
Many transportation-related studies employ the TPB to explain different types of 
travelers’ behaviors and choices. For instance, using data collected from 112 drivers, researchers 





significant determinants of self-reported speeding (Warner and Åberg 2006). Using the TPB 
factors to explain risk-taking behaviors among cyclists, researchers found TPB factors explained 
49% of the variance in the intention to run the red light and 65% of the variance in the intention 
to turn left in intersections (Cristea and Gheorghiu 2016). Based on a survey of eighty adults, 
researchers found attitude and perceived behavioral control predicted intentions to cross streets 
while distracted (Barton, Kologi, and Siron 2016). In order to reduce peak-hour congestion, 
researchers added psychological factors that derived from the TPB in their (flexible) departure 
time choice analysis and found all included TPB factors had a significant effect on departure 
time choices (Thorhauge, Haustein, and Cherchi 2016).  
As discussed above, behavioral factors may play a more important role than traditional 
utility-based factors when seniors make their travel choices. However, we know relatively little 
about what behavioral factors drive seniors’ travel mode choices. In particular, no prior 
literature, to the best of my knowledge, has conducted a structured study on the impact of 
different behavioral factors on seniors’ travel behavior. My MTurk survey study intends to fill in 
such an important literature gap. Specifically, I will use TPB as a theoretical framework to 
investigate whether behavioral factors related to attitude, social norm, and perceived behavioral 
control can explain seniors’ travel mode choices, and if so, how these factors play a role.  
 
3.2.2. Senior transportation options: users and innovations  
Users of senior transportation services 
When thinking about the customers of senior transportation services, one often only 
focuses on (current) seniors’ (own) travel needs. However, customers of senior transportation 





transportation services for their elderly dependents. In this case, though the caregivers do not 
consume the service directly, they are de facto the customers who ultimately choose and arrange 
the service. It would be valuable to explore perspectives towards senior transportation services 
from these different types of users.  
Through a comprehensive design of the behavioral survey questionnaire, I am able to 
incorporate three types of survey respondents in my study, i.e., 1) seniors, 2) caregivers and their 
elderly dependents, and 3) younger people. Seniors represent the existing customers who order 
and use the senior transportation services themselves now. For the first group of survey 
respondents, I ask them directly in the survey questionnaire about their living environment, 
transportation reality, preferences on transportation options, and attitudes towards new 
transportation options.  
Elderly dependents are also existing users of senior transportation services who, however, 
rely on their caregivers to arrange or to order different sources of senior transportation support. 
Even if caregivers do not directly provide or order transportation services for their elderly 
dependents, opinions of caregivers play an influential role in determining what type of 
transportation services their elderly dependents would get, possible via shared decision-making. 
Furthermore, caregivers often face great challenges as they help their elderly dependents with 
driving retirement and arrange senior transportation services for their elderly dependents (Frost-
Steward 2015; St Louis et al. 2011). Opinions and preferences from those who assist seniors in 
arranging transportation services (i.e., caregivers) are important to service planners, designers, 
providers, and operators. Therefore, for second user group, I survey respondents who are 
caregivers of elderly dependents and ask caregivers about challenges they facing to arrange 





their elderly dependents’ transportation reality, their elderly dependents’ preferences on 
transportation options, and their elderly dependents’ attitudes towards new transportation 
options. For ease of discussion, I may use short phrases, such as “elderly dependents (group)” 
and “elderly dependents’ attributes” instead of writing the full phrases, such as “caregivers and 
their elderly dependents (group)” and “elderly dependents’ attributes reported by their 
caregivers.” 
Younger people are also potential future customers of senior transportation services, and 
their input will benefit the planning of future senior transportation options. In my survey study, I 
ask the third group of respondents about their current transportation reality and their preferences 
and attitudes towards future senior transportation options. 
 
Innovative senior transportation options 
A significant amount of effort has been spent over the years to help seniors with their 
transportation needs, especially after they cease driving. In addition to the traditional public 
transit services, a variety of innovative senior transportation options have been developed by 
different sources. Some of them are initiated by public transportation agencies; some of them are 
community-based services; some of them are promoted by private companies. I discuss a few 
cases below as illustrative examples.  
As an effort of the Safe Mobility for Life Coalition, Florida’s “United We Guide Project” 
brings together an alliance of aging, health, and transportation agencies, as well as academic 
research entities and private sectors. 20  In the pilot stage, the project trained the existing 
Community Transportation Coordinators to become Mobility Managers; it also developed a 
“one-call” system—a single telephone number to call for information about transportation 






options, safety, and mobility. The project aims to provide older adults assistance with the access 
to a ride where and when they need to go; moreover, the collected information from the one-call 
system can be used to identify service gaps (Dize 2013).21 
Another non-profit agency in Florida serving older adults is ElderPoint Ministries, which 
services the senior population of Lakeland, Florida and its surrounding areas. The organization 
“provides a continuum of free home-based services to support healthy, safe and independent 
living for our older adult neighbors through interfaith volunteers.”22  Through their Bluebird 
Mobility Network, volunteer drivers help seniors without transportation to get where they need 
to go at no cost. ElderPoint Ministries volunteers have provided thousands of free rides to 
transport seniors to the grocery store, doctor’s office, social activities, or family member’s 
house.23 
TimeBanking, an innovative concept of service-exchange using time as currency24, has 
been a successful practice adopted by many communities.25 Senior transportation stakeholders 
and providers can develop a partnership with established timebanks to incorporate riding older 
people as one type of service exchanges. An example of such partnership is the coordination 
project of the Dane County (Wisconsin) Department of Human Services, TimeBank, and health 
care centers. By providing an alternative service in exchange, patients who had difficulty 
arranging transportation can receive rides from others for their health care appointments (Dize 
2013). The program has been successful in reducing the number of missed health appointments, 
which is expected to improve the patient outcome and to save cost for both individuals and the 
health care system. 










 Pelivan Transit in Northeast Oklahoma is also an interesting case. Since 1985, Pelivan 
Transit has been providing flexible, accessible transportation to a rural, seven-county area in 
northeastern Oklahoma.26 The sustainability of this program is benefited from its diverse funding 
streams, “including Federal Transit Administration, Older Americans Act, service contracts with 
state and local governments, the Medicaid Non-Emergency Medical Transportation Program, 
nonprofit foundations, for-profit businesses and advertising revenues (Dize 2013).”  In addition, 
the service provider closely coordinates with human services, which notably improves the 
service efficiency and quality. 
 Another appealing example is ITNAmerica who claims itself as “the first and only 
national non-profit transportation service for America’s aging population (Freund 2013, page 
2).”  Using a series of innovative business models and a combination of paid and volunteer 
drivers, ITNAmerica provides automobile rides twenty-four hours a day, seven days a week for 
seniors and people with visual impairments. Through the Personal Transportation Account™, 
riders may trade the cars they no longer drive to pay for their rides, and they spend an average 
round-way fare of about eleven dollars. By volunteering to drive others, drivers may save 
transportation credits that can be used for their own future needs, transferred to their loved ones, 
or donated to low-income riders. ITNAmerica also welcomes the partnership with local 
businesses, such as restaurants or health care centers, which may help pay for rides to bring more 
senior customers. The service provider believes Independent Transportation Network (ITN), a 
type of consumer-oriented transportation, “can effectively replace for older people the level of 
mobility provided by driving an automobile, possibly easing the transition from the driver’s seat 
to the passenger seat (Freund 2013, page 6).”  






 The new private on-demand transportation companies, such as Uber and Lyft, have also 
been promoting their specialized services for seniors (and people with disabilities). For instance, 
uberASSIST allows users to select vehicle options that can accommodate folding wheelchairs, 
walkers, and collapsible scooters. And uberASSIST drivers are trained and educated to handle 
passengers with disability and mobility challenges.27 Lyft has also been partnering with senior 
care communities, nonprofit groups, and home care providers to provide efficient and affordable 
transportation options for older adults and senior care providers.28 Although Uber and Lyft on-
demand transportation services usually rely on its smartphone app, seniors do not necessarily 
need a smartphone in order to use the Uber and Lyft transportation service.29,30 For instance, 
through the newly developed function, a family member or a friend with the smartphone Uber 
app can easily and seamlessly request a ride on behalf of a senior without a smartphone. Uber 
will then send the senior rider a text message with the vehicle information and the driver’s phone 
number so they can communicate directly.31 Another way Uber and Lyft assist senior riders is 
through their “Uber Central” or “Lyft Concierge,” where organizations or businesses serving 
senior population can easily provide on-demand, door-to-door transportation for their senior 
customers.32 For instance, a nonprofit organization or company, such as Common Courtesy33 and 
GoGoGrandparent34 is able to use Uber Central or Lyft Concierge to help seniors who do not 
own a smartphone to schedule one-off or recurring Uber or Lyft rides. 













 As shown by the above examples, there seems to be quite a range of transportation 
options available to seniors. Besides transportation support received from family members and 
friends, the sources of either traditional or innovative senior transportation options come from 
different public agencies, community entities, as well as private companies. However, the 
literature that examines whether seniors, caregivers, and future seniors prefer certain types of 
sources of senior transportation options is limited. In addition, though there may exist a range of 
senior transportation options, we have limited knowledge about what communication channels 
that seniors prefer to receive information from, so as to increase the usage of these transportation 
options. One important goal of my survey design is to fill up these critical knowledge gaps. By 
discovering preferences on the sources of senior transportation support and attitudes on 
communication channels to receive information on senior transportation options, I hope to 
provide valuable insights to help transportation planners and service providers design and market 
their senior transportation options. Ultimately, seniors (including caregivers) may increase their 
awareness of the existing and new transportation options that are available and then make an 
informed choice among these options. 
 
3.3. Research Questions, Data, and Analytical Methods  
Based on the above literature review, I propose to address three research questions in my 
study. 1) Are there any disparities in the consumption pattern of senior transportation services 
among different user groups, i.e., seniors, caregivers and their elderly dependents, and younger 
people? 2) Which behavioral factor(s) derived from the TPB are perceived as important ones that 
affect seniors’ travel mode choices? 3) Which sources of senior transportation support are 





preferred ones? A positive answer to research question 1 could confirm it is meaningful and 
valuable to explore perspectives towards senior transportation services among different types of 
users. By answering research question 2, I hope to identify behavioral factors that are more 
suitable for studying and understanding seniors’ travel mode choices than the traditional utility-
based factors. Findings on research question 3 could help planners and services providers to 
design more feasible and attractive senior transportation interventions and to market them 
through effective information channels.  
To answer these research questions, I design a comprehensive survey questionnaire and 
implement it through the innovative Amazon Mechanical Turk (MTurk) platform. For detailed 
information about the MTurk survey design and implementation, please refer to Essay Two. The 
sample size of the MTurk survey is set to five hundred, which, according to the detailed power 
analysis in Essay Two, should carry enough power in the statistical analysis. All survey 
responses are exported into the data analysis and statistical software Stata35 for analysis. After 
screening and removing outliers36, the final dataset contains 475 observations. It includes all 
three different respondent groups, i.e., seniors (n=28), caregivers and their elderly respondents 
(n=189), and younger people (n=258). 
In terms of data analysis, descriptive statistics are first utilized to illustrate features such 
as living environment, transportation reality, and most frequently used travel option. Similarities 
and disparities are explored among different groups of survey respondents, i.e., seniors, 
caregivers and their elderly dependents, and younger people. Then, inferential statistics are used 
to examine behavioral questions such as behavioral factors affecting travel mode choices, 
preferences on sources of senior transportation support, and attitudes towards information 
                                                            
35 http://www.stata.com/ 
36 The survey data are screened and obvious outliers are eliminated from further analysis. For instance, if the 





channels of senior transportation options. Note that a seven-point agree-disagree Likert scale (1: 
strongly disagree, 2: disagree, 3: somewhat disagree, 4: neither disagree nor agree, 5: somewhat 
agree, 6: agree, and 7: strongly agree) is used for behavioral questions. Following the practices in 
the literature on behavioral research, this 7-point Likert scale is treated as a continuous variable 
in my analysis. In the analysis, the average Likert score of each behavioral question is first 
calculated; then, the t-test is used to check whether this mean is statistically greater than the 
neutral point 4.0. A statistically significant result indicates the corresponding behavioral factor, 
preference, or attitude is considered as an important one perceived by the survey respondents. In 
addition, repeated measures ANOVA analysis is used to conduct further pairwise comparisons of 
factor, preference, or attitude scores so as to discover similarities and disparities in the 
importance ranking of each factor, preference, and attitude among different respondent groups. I 
used a repeated measures ANOVA (also called within-subjects ANOVA) method here to deal 
with correlation in the repeated samples in my data.  
 
3.4. Findings and Discussion 
This section presents detailed findings and discussion of my Amazon MTurk survey. 
Survey results are either illustrated by descriptive statistics or interpreted by inferential statistics. 
They are organized by different sub-topics below, including living environment, transportation 
reality, most frequently used travel option, behavioral factors affecting travel mode choices, 
preferences on sources of senior transportation support, and attitudes towards information 






3.4.1. Living environment 
Density, housing, and household demographics  
 As shown in Table 3.1, a similar distribution of living environment density is discovered 
among different respondent groups, i.e., seniors, elderly dependents37, and younger people. A 
majority of respondents live in suburban areas—about one-fifth of respondents live in urban 
areas, and the remaining respondents live in rural areas. In terms of housing features, about 
three-quarters of elderly dependents and younger respondents live in houses. Seniors seem to 
have a slightly lower share of living in houses than the other two groups of survey respondents; 
however, a majority of seniors selecting the “other” option state in the open-ended answer that 
their housing type is a condominium or duplex (house). Table 3.1 also presents the share of 
respondents who own or rent their homes: 75% seniors and 77% elderly dependents report they 
own their house or apartment while young respondents have a lower share of ownership (60%) 
and a higher share of renting (40%) houses or apartments. For household demographics, a 
majority of senior households (including elderly dependents) have one or two household 
members, and most of these members are also seniors (shown in Figure 3.1). All the results 
above affirm that addressing senior transportation needs would be challenging, since most 
seniors, including elderly dependents, live in their own housing properties with household 




                                                            
37 As mentioned before, to facilitate the analysis and discussion, I may use short phrases, such as “elderly 
dependents (group)” and “elderly dependents’ attributes” instead of writing the full phrases, such as “caregivers and 
their elderly dependents (group)” and “elderly dependents’ attributes reported by their caregivers”. For instance, 





Table 3.1. Distribution of density and housing features 
Features Seniors (self) Elderly dependents Younger people 
Density 
Urban 21% 25% 22% 
Suburban 56% 57% 59% 
Rural 22% 18% 19% 
Housing type 
House 64% 77% 73% 
Apartment 14% 20% 22% 
Other 21% 3% 5% 
Owned or rented 
Owned 75% 77% 60% 
Rented 25% 23% 40% 
Note: n Seniors =28; n Caregivers and their elderly respondents =189; n Younger people =258 
 
a. Household size 
 
b. Number of seniors in a household 
Figure 3.1. Household demographics 
(n Seniors =28; n Caregivers and their elderly respondents =189; n Younger people =258) 
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Aging in place 
 My MTurk survey results echo the findings in most of the aging literature in that a 
majority of aging Americans prefer aging in place. In my data, about 80 percent of senior 
respondents claim they plan to live in their home as long as they can (see Figure 3.2). Even more 
elderly dependents (94%) plan to age in place for as long as they can. This large number of 
seniors with a strong preference for aging in place has brought significant challenges to different 
stakeholders. For instance, they need convenient shopping and dining services, sufficient and 
accessible health care services, adequate recreational activities and engaging social events. 
Transportation support provided either to seniors themselves or through caregivers will be vital 
linkages for seniors to access all these important services.  
 
Figure 3.2. Distribution of preferences on aging in place 
(n Seniors =28; n Caregivers and their elderly respondents =189; n Younger people =258) 
 
 
3.4.2. Transportation reality 
Travel distance 
Figure 3.3 illustrates the distribution of travel distances for daily travels related to 
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not gather travel characteristics about commuter trips; instead, I only ask respondents for their 
daily travel features that are related to shopping, health care, and recreation or social activities. 
On the one hand, commuter travel features have been discussed and understood well in the 
literature; on the other hand, along with the aging process, seniors’ major travel needs gradually 
shift from commuting to other daily travels, such as shopping, health care, and recreation or 
social activities. I find the most common trip distance for daily travels falls into the range 
between one-half and five miles across all respondent groups and for all types of trip purposes. 
However, elderly dependents have a higher share of longer travel distance compared with the 
senior and younger groups, which implies caregivers are facing various challenges in providing 
transportation support for this group of seniors. Additionally, healthcare related trips have a 
higher share of longer travel distance compared with shopping, recreation, or social trips. As 
discussed in earlier essays, health care trips are crucial for many aging Americans to maintain the 
independence of their daily life. This longer travel distance in health care trips is likely to pose 
significant challenges to seniors (and their caregivers).  
Figure 3.3 also compares the travel distance distribution observed in my MTurk data with 
that in the 2017 National Household Travel Survey (NHTS) (n= 373,175). It appears my MTurk 
Survey results are consistent with the 2017 NHTS. For more details on the MTurk data quality, 






Figure 3.3. Distribution of travel distances for different trip purposes 
(n Seniors =28; n Caregivers and their elderly respondents =189; n Younger people =258; n 2017 NHTS = 373,175) 
 
 
Travel frequency and travel time 
Amazon MTurk survey respondents from different categories have different travel 
frequencies and travel times for daily travels related to dining, shopping, health care, recreation, 
or social events. As shown in Figure 3.4, a majority of seniors (54%) go out at least three to five 
times every week; about the same percentage of younger people (56%) go out at least three to 
five times every week; however, many elderly dependents (59%) only go out less than twice 
every week. This difference is likely because elderly dependents often have to rely on 
transportation support from their caregivers or other sources, which, indeed, is verified in the 
subsequent analysis on the distribution of the most frequently used travel options (shown in 
Figure 3.6).  
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Figure 3.4. Travel frequency for daily travels 
(n Seniors =28; n Caregivers and their elderly respondents =189; n Younger people =258) 
 
There exist slightly different distributions in travel time duration among MTurk 
respondents from different categories (shown in Figure 3.5). The most common travel time 
duration for daily travels related to dining, shopping, health care, recreation, or social events is 
between ten and thirty minutes. Nonetheless, elderly dependents have a higher share of travel 
time that is longer than thirty minutes (21%), compared with senior group and younger group 
(7%, and 10% respectively). This implies elderly dependents may face more challenges than 
others on their daily travels. 
 
Figure 3.5. Travel time for daily travels 
(n Seniors =28; n Caregivers and their elderly respondents =189; n Younger people =258) 
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3.4.3. Most frequently used travel option 
According to MTurk respondents from different categories, there exist significant 
disparities in the most frequently used travel options (shown in Figure 3.6). Not surprisingly, a 
majority of senior respondents (64%) usually drive their private vehicles for dining, shopping, 
health care, recreation, or social events; 29% of seniors often travel by private vehicles as a 
passenger; and only a small proportion of seniors (7%) frequently walk in their daily travels.  
Younger respondents report similar choices in travel options as seniors do. They have a 
higher share of driving private vehicles (75%); some of them also take private vehicles as a 
passenger (12%) or walk (7%) for their daily travels; a small portion of them often bike, take 
trains, or take buses for their daily travels (1%, 1%, and 3%, respectively). My survey 
questionnaire also asks younger respondents about their tendency of continuing the most 
frequently used travel modes in the future when they become old. The average Likert score of 
the tendency statement is 5.9, which is statistically greater than the neutral point 4.0. This 
indicates younger people not only prefer to age in place but also to continue to rely on their 
current most frequently used travel modes as long as they can. 
However, elderly dependents have a distinct distribution of the most frequently used 
travel options. First, a majority of elderly dependents (69%) are transported by private vehicles 
as a passenger for their daily travels. Second, a relatively small portion of elderly dependents 
(15%) drive themselves, as expected. Third, few elderly dependents walk, bike, take trains, or 
take buses for their daily travels (2%, 1%, 1%, and 2% respectively). Most interestingly, some 
elderly dependents have been using options such as paratransit, traditional taxi services, and new 
“taxi” services (e.g., Uber, Lyft, Sidecar) as their most frequently used travel options (3%, 4%, 





operating senior transportation options, one should not only target seniors themselves but also 
consider caregivers who often play an essential role in planning and facilitating seniors’ travel in 
their daily life. 
 
Figure 3.6. Disparities in the most frequently used travel options 
(n Seniors =28; n Caregivers and their elderly respondents =189; n Younger people =258) 
 
3.4.4. Behavioral factors affecting travel mode choice 
This section investigates behavioral factors related to the most used travel mode for three 
types of survey respondents (i.e., seniors, elderly dependents, and younger people). These factors 
include convenience, preference, independence, norm, feasibility, and cost. As discussed earlier, 
they respectively represent three drivers for one’s behavioral change in the TPB: “attitudes,” 
“social norm,” and “perceived control.”38 The average behavioral factor scores for all three 
groups are summarized in Table 3.2. The table also presents the t-test results for mean 
                                                            
38 “Attitude towards the behavior (Act) is an expression of one’s positive or negative evaluation of performing a 
given behavior. The perceived subjective social norm (SN) reflects personal perception of the social expectations to 
adopt a given behavior. Perceived behavioral control (PBC) reflects personal beliefs as to how easy or difficult 
performing the behavior is likely to be. It is assumed to reflect external factors (e.g., availability of time or money, 
social support) as well as internal factors (e.g., ability, skill, information)” (Godin and Kok 1996, page 88). 
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comparison with the neutral point (score 4.0 on a 1−7 scale). If the average behavioral score of a 
factor is statistically greater than the neutral point, that factor is considered as an important factor 
perceived by the survey respondents.  
 
Perceived importance 
The results show younger respondents consider all behavioral factors (i.e., convenience, 
preference, independence, norm, feasibility, and cost) important in their travel mode choice 
decisions; however, elderly dependents do not view social norm as an important determining 
factor to affect their travel mode choices. Furthermore, seniors only value attitude factors (i.e., 
convenience, preference, and independence) as important elements when they make travel mode 
choices. To be more specific, seniors think they pick their favorable travel mode not because it is 
less expensive, not because it is the only feasible transportation options they have, and nor 
because their friends and neighbors use the same travel option. Instead, seniors value more on 
travel convenience, their own travel preference (probably formed since the age of sixteen), and 
their independence of life. These results indicate that the idea of designing and providing low 
cost and variety types of senior transportation options may not be effective; it is essential to 
ensure senior transportation options are centered by end-user experiences and consider 
behavioral factors such as seniors’ travel convenience and travel preference, as well as helping 









Table 3.2. Differences in the importance of behavioral factors among different groups 
 Seniors Elderly dependents Younger people 
Convenience 5.93*** 5.44*** 5.93*** 
Preference 5.68*** 5.41*** 5.57*** 
Independence 5.71*** 4.79*** 5.48*** 
Norm 3.86 3.96 4.29*** 
Feasibility 4.36 5.06*** 4.41*** 
Cost 4.43 4.71*** 4.46*** 
   Note: *** p≤ 0.01; ** p≤ 0.05; * p≤ 0.1; n Seniors =28; n Caregivers and their elderly respondents =189; n Younger people =258 
 
Perceived importance ranking 
Further pairwise comparisons of behavioral factor scores using repeated measures 
ANOVA analysis discover more interesting disparities in the importance ranking of each factor 
among different respondent groups. As shown in Figure 3.739, seniors value factors such as 
convenience, independence, and preference more important than factors such as cost, feasibility, 
and norm, when they make their travel mode choices. Through the lens of the TPB, attitude 
factors are more important driving factors than social norm and perceived control factors 
perceived by seniors when they make travel mode choice decisions.  
                                                            
39 Different behavioral factors on the x-axis are ordered from left to right based on the highest mean score to the 






Figure 3.7. Comparisons of average behavioral factor scores for seniors 
(n Seniors =28) 
 
 
Figure 3.840  shows the importance ranking of behavioral factor scores for elderly 
dependents. Similar to seniors, this group ranks convenience and preferences as the most 
important factors when making travel mode choices. Moreover, they value feasibility, 
independence, and cost as the next important factors, while the norm is the least important factor. 
The factor of independence is not among the most important factors in this case; it may be 
because elderly dependents have to give it up involuntarily, and they depend on their caregivers 
or other sources for their travel needs. Nonetheless, these results indicate the attitude factors in 
the TPB again are perceived as the most influential factors in elderly dependents’ travel mode 
choices.  
                                                            
40 Different behavioral factors on the x-axis are ordered from left to right based on the highest mean score to the 




























Figure 3.8. Comparisons of average behavioral factor scores for elderly dependents 
(n Caregivers and their elderly respondents =189) 
 
 
Younger respondents report a similar importance ranking as seniors and elderly 
dependents (shown in Figure 3.9).41 The most important factor in travel mode choice for younger 
people is convenience, followed by factors such as preference and independence. Younger 
people view the factors such as cost, feasibility, and norm as the least important factors when 
they make travel mode choice decisions. Consistently, attitude factors in the TPB are viewed as 
more important drivers for younger travelers’ mode choices than other factors.  
                                                            
41 Different behavioral factors on the x-axis are ordered from left to right based on the highest mean score to the 




























Figure 3.9. Comparisons of average behavioral factor scores for younger people 
(n Younger people =258) 
 
 
Overall, it is interesting to find respondents from different groups all rank convenience as 
the most important factor while ranking social norm as the least important factor when they 
make travel mode choices. These findings are consistent with some other behavioral researches 
on the senior population. For instance, usability42 (equivalent to the convenience factor in my 
research) was found as one of the most important factors in the research of older adults’ 
technology adoption and use, while independence43 and social support44 (equivalent to the social 
norm factor in my research) were rated as the least important factors (C. Lee 2014). However, 
the affordability45 (equivalent to the cost factor in my research) was one of the top-rated factors 
                                                            
42 How important is it for you to think about if a technology is easy for you to use? 
43 How important is it for you to think about the how you would look to others?  
44 How important is it for you to think about the things that others say about a technology? 



























in senior’s technology adoption and use, especially during the purchase stage (C. Lee 2014). This 
ranking difference of cost factor between seniors’ technology adoption and use and seniors’ 
mode choices might be because travel demand is relatively inelastic to many factors including 
cost. In other words, while controlling for other factors, seniors may reject to adopt or use new 
technology if the cost associated is high; however, seniors may still need to choose a certain type 
of travel mode in order to make a trip regardless of its cost.  
 
Attitude factors vs. perceived control and social norm factors 
As discussed before, since seniors often value travel as a symbol of independence, 
behavioral factors (derived from TPB) may better explain seniors’ mode choices than the 
traditional mode choice models, which tend to focus more on “utilities” such as travel 
time/distance and travel cost. In fact, TPB provides a more comprehensive perspective to explain 
travel behavior—the “perceived behavioral control” aspect can be viewed to contain external 
factors such as travel time/distance and travel cost that are common predictors in the traditional 
utility-maximizing theory. In my survey questionnaire, I include two such perceived control 
factors, feasibility, and cost, which are two external factors that can also be used as predictors in 
the traditional mode choice models.  
To assess which TPB aspect (i.e., attitude, social norm, and perceived behavioral control) 
alone can explain the most variation in all 475 survey respondents’ mode choices, I compare the 
following three multinomial logit regression models. For all three models, the dependent variable 
is the most frequently used travel mode. As shown in Figure 3.6, a majority of survey 
respondents either drive a private car (64% for seniors and 75% for younger people) or take a 





types of travel modes are re-categorized into three types of travel modes: private car as a driver 
(i.e., category 1), private car as a passenger (i.e., category 2), and others (i.e., category 3). 
Behavioral factors under each TPB aspect, i.e., attitude, norm, and perceived behavioral control, 
are selected as independent variables for each of the three multinomial logit models, respectively 
(shown in Equation 3.1, 3.2, and 3.3). Using category 1 as the reference, then for category m = 2, 
3, we have the following model specifications.  
ln ! !!!
! !!!
= 𝛽! + 𝛽!𝑋!"!"#!$#!%# + 𝛽!𝑋!"#$#"#%&# + 𝛽!𝑋!"#$%$"#$"&$… Equation 3.1 
ln ! !!!
! !!!
= 𝛽! + 𝛽!𝑋!"#$%& !"#$… Equation 3.2 
ln ! !!!
! !!!
= 𝛽! + 𝛽!𝑋!"#$%&%'%() + 𝛽!𝑋!"#$… Equation 3.3 
Note that, Equation 3.1 only accounts for factors in the attitude aspect of TPB; Equation 3.2 only 
accounts for the norm aspect of TPB; Equation 3.3 only accounts for perceived behavioral 
control aspect of TPB and can be viewed as a traditional model that focuses only on “utilities,” 
i.e., feasibility and cost.  
To compare these three models, I calculate the Bayesian information criterion (BIC) 
values of each model. BIC is a commonly used penalized-likelihood criterion for choosing the 
best fit model in regression (Raftery 1995). In general, a model with the lowest BIC is preferred, 
indicating the model provides the best fit of the data than other models, adjusting for the number 
of independent variables included in the model. In other words, a model with more independent 
variables may not have a lower BIC (i.e., provide a better fit of the data) than other models, 
unless the included independent variables can significantly better explain the variation in the 
outcome variable. Table 3.3 shows the BIC values for each of the three multinomial logit 





returns the lowest BIC value, confirming these behavioral factors collectively provide the best fit 
for the data. In contrast, the model containing only perceived control factors (e.g., feasibility and 
cost) returns the highest BIC value, indicating this TPB aspect has the worst fit for survey 
respondents’ travel mode choices among all TPB aspects. 
Table 3.3. Comparison of predictors using BIC values 






Social norm Social norm 934.84 
Perceived behavioral control Feasibility Cost 952.19 
                Note: n = 475 
 
In summary, the Theory of Planned Behavior provides a more comprehensive framework 
to explain travelers’ travel mode choices. Factors related to perceived control and social norm 
(e.g., cost, feasibility, and norm) may not explain my MTurk survey respondents’ travel mode 
choices well. In contrast, attitude factors (e.g., convenience, independence, and preference) are 
probably the most important driving elements when (senior) people make travel mode choice 
decisions, which, however, are often overlooked during the (senior) transportation planning and 
operation process.  
 
3.4.5. Preferences on the sources of senior transportation support 
This section investigates respondents’ preferences on the sources of senior transportation 
support, including support from neighbors, community centers, public agencies, private services, 
or family members and friends. Again, a seven-point disagree-agree Likert scale46 is used for 
                                                            
46 1: strongly disagree, 2: disagree, 3: somewhat disagree, 4: neither disagree nor agree, 5: somewhat agree, 6: 





statements representing different sources of senior transportation support. For each source of 
senior transportation support, the survey asks to what extent (score 1−7) each respondent prefers 
this source of support. Table 3.4 shows the average preference scores for each source, as well as 
the t-test results for mean comparison with the neutral point.47 Note that a source with its average 
preference score statistically greater than the neutral point is considered as an important one 
perceived by the survey respondents. Younger respondents value a variety of senior 
transportation support sources as important ones, including support from family members and 
friends, private services, and public agencies. Seniors consider support from both family 
members and friends and private services as important sources of senior transportation options, 
while elderly dependents only view transportation support from family members and friends as 
an important source. Figure 3.1048 shows the results of the AVOVA pairwise comparisons of 
average support preference scores for different respondent groups. The importance rankings are 
slightly different for each group. However, support from family members and friends is always 
perceived as the most important source. 
Table 3.4. Different preferences of transportation support among different groups 
Support from Seniors (self) Elderly dependents Younger people 
Community 4.18 3.52 4.04 
Public 4.14 3.15 4.18** 
Private 4.39* 3.42 4.37*** 
Family 5.57*** 6.11*** 5.54*** 
   Note: *** p≤ 0.01; ** p≤ 0.05; * p≤ 0.1; n Seniors =28; n Caregivers and their elderly respondents =189; n Younger people =258 
 
                                                            
47 score 4 on a 1-to-7 scale 
48 Different sources of senior transportation support on the x-axis are ordered from left to right based on the highest 











Figure 3.10. Comparisons of average support preference scores 


























































These results have important policy implications. First, younger respondents state they 
are open to more types of support of senior transportation options, which hopefully will lead to a 
higher level of acceptance of various senior transportation options in the future when they age. 
Second, respondents from all different groups value transportation support provided by family 
members and friends the most. It suggests promoting family- and friend-like senior 
transportation support could attract more users. The operating mode of ITNAmerica (as 
discussed in the literature review section) actually is an example of this concept.  
For elderly dependents, the only source viewed as important is the support from family 
members and friends. At the same time, more than 90 percent of the caregiver respondents have 
provided help to their elderly dependents in meeting their transportation needs (see Table 3.5). 
Among caregivers, about half of them have arranged transportation services for their elderly 
dependent. The most frequently used senior transportation services by caregivers include help 
from relatives and friends (25%), community-based services (21%), services from public 
agencies (17%), and services from private companies (14%) (see Table 3.5). However, more 
significantly, about three-quarters of caregivers have to assist their elderly dependents when 
traveling. Over 80 percent of caregivers need to help their elderly dependent on transportation 
access very often or sometimes (see Table 3.5). When asking about the convenience of providing 
elderly dependent transportation support, the average Likert score is 3.84, which is statistically 
lower than the neutral point 4.0. These results indicate it is not convenient for caregivers to 
arrange transportation access for their elderly dependents, and transportation needs from elderly 







Table 3.5. Caregiver helps on elderly dependent’s transportation needs 
 
Percentage 
Types of caregiver help for elderly dependents’ transportation needs 
Arrange a transportation service 44% 
Assist transportation needs themselves 70% 
No 7% 
Most frequently used senior transportation services by caregivers 
Community-based services 21% 
Services from public agencies 17% 
Services from private companies 14% 
Help from relatives/friends 25% 
Frequency of providing elderly dependent’s transportation support 
Very often or sometimes 83% 
Occasionally 17% 
          Note: n Caregivers and their elderly respondents =189 
 
3.4.6. Attitudes towards information channels of senior transportation options  
This section analyzes respondents’ preferable channels from which they want to receive 
information about (new) senior transportation options. Table 3.6 shows the average preference 
scores for each channel, along with the t-test results for mean comparison with the neutral 
point.49 Similar to the previous analyses, a channel with its average preference score statistically 
greater than the neutral point is considered as an important one perceived by the survey 
respondents. It is encouraging to find out that respondents across all three groups value all types 
of information channels of senior transportation options, including neighbors, community 
centers, public agencies, private agencies, and family members and friends, as important ones. 
Moreover, they state they would like to use the options promoted via any of these information 
channels.  
 
                                                            





Table 3.6. Attitudes towards information channels of senior transportation options 
Channels Seniors (self) Elderly dependents Younger people 
Community 5.11*** 4.57*** 5.60*** 
Public 5.18*** 4.48*** 5.55*** 
Private 5.18*** 4.48*** 5.29*** 
Family 5.43*** 4.83*** 5.61*** 
   Note: *** p≤ 0.01; ** p≤ 0.05; * p≤ 0.1; n Seniors =28; n Caregivers and their elderly respondents =189; n Younger people =258 
 
 However, respondents from different groups rank their preferences among these 
information channels in a slightly different way, which is evaluated by the pairwise comparisons 
of Likert scores using repeated measures ANOVA analysis (see Figure 3.11). 50  Younger 
respondents value information channels such as family members, public agencies, and 
community organizations more important than private channels. Seniors and elderly dependents 
share similar rankings of different information channels, where they value information received 
from family members more important than that received from other sources (e.g., public 
agencies, private companies, and community organizations). However, senior respondents report 
a higher magnitude of importance levels than elderly dependents. The possible reason behind this 
difference is seniors may rely more on these information channels of senior transportation 
options than elderly dependents who typically have their caregivers arrange their travels.  
 
                                                            
50 Different information channels of senior transportation options on the x-axis are ordered from left to right based 










c. Elderly dependents 
 
Figure 3.11. Comparisons of average information channel attitude scores 
(n Seniors =28; n Caregivers and their elderly respondents =189; n Younger people =258) 
 
3.5. Summary and Future Work 
As more and more aging Americans turn sixty-five, planning effective senior 






















































increasingly challenging to many stakeholders, including public agencies, community 
organizations, and private companies. However, we have relatively limited knowledge about 
behavioral factors that affect seniors’ mode choices, from whom seniors or their caregivers 
would like to get transportation services or their attitudes towards information channels that 
publicize senior transportation options. My behavioral survey study of senior transportation 
options attempts to fill in these important knowledge gaps, and the survey is implemented via the 
innovative Amazon Mechanical Turk (MTurk) crowdsourcing platform. 
My MTurk survey first explores different types of respondents’ living environment and 
transportation reality. Results reveal most seniors, including elderly dependents, live in their own 
housing properties in low-density areas with limited existing public or private transportation 
options. Nonetheless, about 80 percent of seniors and 94 percent of elderly dependents plan to 
age in place for as long as they can. It is also found most trips seniors and elderly dependents 
made for their daily needs are beyond the comfortable walking distance; health care trips tend to 
be longer than other types of trips; elderly dependents have a higher share of longer travel time. 
These findings affirm that addressing seniors’ transportation needs is crucial and at the same 
time challenging. 
A majority of the respondents use private vehicles as their most frequently used mode 
choices for their daily travels; however, the shares of being a driver or being a passenger are 
quite different among different groups. For instance, 64% of seniors are often driving, and 29% 
of them are often transported by private vehicles as a passenger; 75% of younger people often 
drive, while 12% of them are often a passenger of a private vehicle. In contrast, 69% of elderly 
dependents are often a passenger of a private vehicle, and only 15% of them often drive 





should be considered in the planning and operating process of senior transportation options since 
caregivers often play an essential role in facilitating seniors’ travels in their daily life. 
The analyses of behavioral factors that are based on different aspects of the Theory of 
Planned Behavior show interesting results as well. First, respondents from different groups value 
behavioral factors quite differently. For instance, younger people and elderly dependents value 
most of the behavioral factors as important ones when they make travel mode choices for their 
daily travel, but seniors do not care about travel cost, travel feasibility, or social norm attached to 
a certain travel mode. Second, different user groups perceive different importance rankings for 
TPB factors when they make their travel mode choice decisions. Nonetheless, for seniors and 
elderly dependents, attitude factors (e.g., convenience, preference, and independence) are 
generally perceived as more important drivers for their mode choices than other aspects (e.g., 
social norm, feasibility, and cost).  
The investigation of preferences on sources of senior transportation support shows 
respondents from all different groups value transportation support provided by family members 
and friends the most, suggesting that promoting family- and friend-like senior transportation 
support could gain more trust and attract more users. Such findings, together with the analyses of 
caregivers’ travel features, further affirm caregivers face various challenges when supporting 
their elderly dependents’ travel needs. The encouraging news, however, is respondents across all 
three groups view all types of information channels that publicize senior transportation options 
as important ones, where information received from family members and friends is ranked the 
most important one for all survey respondents. More importantly, respondents of all different 





One limitation of my survey study is that instead of directly asking elderly dependents’ 
own opinions about senior transportation options, I surveyed caregivers and asked caregivers, 
based on their observation and in their opinion, their elderly dependents’ living environment, 
transportation reality, preferences on transportation options, and attitudes towards new 
transportation options. Caregivers can be viewed as an important end-user group who chooses 
and arranges senior transportation services for their elderly dependents; so, it is critical to 
understand caregivers’ observations and perceptions on their elderly dependents’ transportation 
options. It would be helpful to recruit both caregivers and their elderly dependents in future 
survey studies. This way, more comprehensive information about senior transportation options 
can be collected and analyzed.  
In addition, my research findings suggest several other directions for future studies. First, 
my study finds that for seniors and elderly dependents behavioral factors such as convenience, 
preference, and independence (i.e., attitude aspects in the TPB) are perceived as more important 
drivers for their mode choice than other factors such as social norm, feasibility, and cost. Future 
research could attempt to include these behavioral factors and collect data to predict seniors 
travel mode choices. Such a prediction model will be useful for transportation policy makers and 
service providers. Second, my study uses TPB to guide the research design and data analysis; it 
would be of interest to use other behavioral theories to study seniors’ transportation preferences. 
Third, from a practical point of view, it is important to develop interventions that can be used to 
educate seniors with existing and new transportation options and to encourage seniors to select 
more suitable options to meet their individual needs.  
For planners and decision makers, my study establishes empirical evidence that users of 





types of user groups should all be carefully assessed and considered in the planning and 
implementation process of senior transportation solutions. My study also suggests that instead of 
the traditional travel mode choice model which emphasizes “utilities” such as travel 
time/distance and travel cost, planners and service providers need to pay more attention to 
behavioral factors (such as convenience, preference, and independence), when developing and 
operating senior transportation options. Last but not least, my study advocates that planning 
agencies and service providers should market their services through different communications 





Summary of Three Dissertation Essays 
 
The baby boomer generation has been entering their age of sixty-five since 2011. Twenty 
percent of the U.S. population will be over age sixty-five by 2030. Such a rapidly aging 
population has posed great challenges to transportation planning and operating agencies since 
this large number of aging boomers demand dependable transportation access so they can remain 
independent and age in place. It is crucial, in a timely manner, to understand aging Americans’ 
travel mode choices, their preferences and perspectives on transportation support, and 
communication channels that they prefer to receive information on transportation options. My 
dissertation presents three essays to explore these important and urgent issues.  
Essay One uses the 2009 National Household Travel Survey (NHTS) data to investigate 
whether the predominant travel preference—favoring private automobiles—holds for different 
groups of aging Americans. The analyses not only include the commonly used travel mode 
choice factors, such as socio-demographics, built environment, and transportation attributes; but 
also include behavioral aspects such as attitudes towards safety, congestion, public transit, and 
walking environment.  
Essay Two demonstrates my own survey on senior transportation options. A 
comprehensive survey questionnaire is constructed for various user groups of senior 
transportation services, including seniors, caregivers and elderly dependents, and younger 
people. The survey is then successfully implemented on the Amazon Mechanical Turk (MTurk) 
crowdsourcing platform.  
Essay Three analyzes my MTurk survey data and investigates the impact of behavioral 





different user groups of senior transportation services. I also investigate survey respondents’ 
preferences on types of senior transportation support, as well as respondents’ preferable channels 
from which they want to receive information about senior transportation options.  
Throughout my three dissertation essays, I have highlighted a few important policy 
implications and recommendations. First, users of senior transportation services do not limit to 
seniors themselves. They can come from a much wider population, such as caregivers who often 
need to arrange transportation services for their elderly dependents and younger people who will 
be future customers of senior transportation services. Indeed, results in Essay Three find 
similarities as well as disparities in transportation features, preferences, and attitudes among 
different respondent groups. These findings imply that when planning and operating senior 
transportation services, needs from different types of user groups should be addressed; and 
different intervention strategies may be used towards different user groups to achieve a better 
outcome. In fact, results in Essay One show although it may not be effective for existing seniors, 
promoting positive attitudes on certain travel options that were otherwise not preferred by 
middle-aged boomers (e.g., public transit) could be a way to encourage this group of boomers to 
change their future travel mode preferences and choices. 
Second, planning researchers, practitioners, and service providers may utilize innovative 
online tools or crowdsourcing platforms, such as Amazon MTurk, to tackle planning related 
issues, especially those that need timely resolutions. In particular, these resources can often be 
effective, efficient, and inexpensive to collect data, to implement the survey, and to conduct 
experiments. As demonstrated in Essay Two, I am able to successfully implement my survey on 
senior transportation options via MTurk. Results show my survey gathers meaningful insights of 





elderly dependents, and younger people. Survey data collected from MTurk represents a fairly 
diversified population with different socio-demographic features; and it shares a similar 
distribution pattern as those observed in the general population data (e.g., Census) and the large-
scale nationwide transportation survey using random sampling method (e.g., NHTS). These 
results indicate Amazon MTurk can be a valuable crowdsourcing platform for planning related 
surveys, experiments, and data collections, especially when addressing timely issues such as 
aging Americans’ travel needs.  
Third, behavioral factors are important drivers in seniors’ travel mode choices. For 
seniors, travel is often beyond the simple description of origins and destinations; it is a symbol of 
independence, and it is a critical factor for quality of life. Instead of the traditional travel mode 
choice model, which focuses more on “utilities” such as travel time/distance and travel cost, I 
introduce behavioral factors derived from TPB as potentially more important factors. In fact, 
TPB is a more comprehensive concept, in which "perceived behavioral control" aspect can 
actually contain external factors such as travel time/distance and travel cost that are common 
predictors in the traditional utility-maximizing theory. As shown in Essay Three, attitude factors 
in TPB (i.e., convenience, preference, and independence) are perceived as more important 
drivers for seniors’ mode choices than other aspects (i.e., social norm, feasibility, and cost), 
suggesting more attention should be drawn to attitude factors, rather than focusing on traditional 
concerns such as feasibility and cost, during the senior transportation planning and operation 
process.  
Fourth, results in Essay One show no evidence that Americans are giving up driving as 
they age. Therefore, planning as though current seniors want to give up private auto travel as 





transportation support from family members and friends are highly valued by seniors, elderly 
dependents, and even younger people who will be future customers of senior transportation 
services. Thus, although traditional public transportation services may not fit seniors’ 
preferences, promoting family- and friend-like senior transportation support could instead gain 
more trust and attract more users. The operating mode of ITNAmerica (as discussed in the Essay 
Three) is an example of this concept. It is also encouraging to find from Essay Three’s analyses 
that respondents across all three user groups value all the information channels of senior 
transportation options and that they are willing to use the options promoted via these information 
channels. These findings indicate when planning agencies design and service providers operate 
new senior transportation options, they should market new options through multiple 
communication channels, including community centers, public agencies, private commercials, 
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Appendix A: Additional Results on Descriptive Statistics and Logistic Regression 
Table A.1. Descriptive Statistics of Independent Variables  
Variable – descriptive measure 
Seniors Middle-aged boomers 
Younger 
generations 
(> 64) (45 – 64) (< 45) 
Socio-demographic characteristics    
    Age – mean 74.66 54.22 25.25 
    Female (vs. male) – percentage 57.65% 51.18% 49.02% 
    Household size – mean 1.98 2.61 3.93 
    Home rented (vs. home owned) – percentage 27.09% 23.70% 32.18% 
    N for age, female, household size, and home rented 86,112 112,402 110,387 
    Income (derived) – mean $40,737 $63,872 $63,384 
    N for income 76,559 105,637 106,147 
    Working (yes vs. no) – percentage 21.28% 73.08% 70.97% 
    N for working 86,071 112,321 72,165 
Built environment factors    
    Population density (population per sq. mile) – mean 4627.85 4811.04 5172.62 
    N for population density 289,162 462,120 416,037 
    Employment density (employment per sq. mile)  – mean 1206.01 1230.44 1215.71 
    N for employment density 289,162 462,115 416,032 
    Urban size – mode  non-urbanized area 
    N for urban size 289,162 462,120 416,037 
Transportation attributes    
    Household car ownership – mean 1.74 2.31 2.31 
    N for household car ownership 289,162 462,122 416,037 
    Number of drivers in household – mean 1.65 2.09 2.24 
    N for number of drivers in household 289,162 462,122 416,037 
    Additional household member on trip (vs. none) – percentage 30.98% 26.93% 44.89% 
    N for additional household member on trip 286,214 456,727 396,238 
    Travel time (mins) – mean 19.45 20.67 20.06 
    N for travel time 288,014 461,316 415,037 
Behavioral aspects (most important transportation issue) 
    Cost (yes vs. no) – percentage 34.34% 35.33% 39.31% 
    Congestion (yes vs. no) – percentage 14.74% 16.59% 13.86% 
    Aggressive Drivers (yes vs. no) – percentage 17.48% 19.07% 16.26% 
    Safety (yes vs. no) – percentage 20.77% 17.83% 17.97% 
    Transit access (yes vs. no) – percentage 6.37% 7.47% 7.60% 
    Sidewalks (yes vs. no) – percentage 2.59% 2.62% 4.19% 






Table A.2. Logistic Regression Results of Mode Choice on Travels for Daily Needs 
 Odds ratio for different age groups 
Variable Seniors Middle-aged boomers 
Younger 
generations 
 (> 64) (45 – 64) (< 45) 
Socio-demographic characteristics    
    Age 1.02080*** 1.01148* 1.01074** 
    Female (vs. male) 1.35934*** 1.26918*** 1.10683 
    Household size+ 0.26461*** 0.47627*** 0.53789*** 
    Home rented (vs. home owned) 0.83635 0.84784** 0.88908 
    Income+ 0.97008 1.03810* 1.02706 
    Working 1.06222 1.06354 1.51951*** 
Built environment factors    
    Population density 0.99995*** 0.99995*** 0.99994*** 
    Employment density 0.99985*** 0.99991*** 0.99991*** 
    Urban size 1 (200,000-499,999) ++ 1.08167 1.24453 0.91311 
    Urban size 2 (500,000-999,999) ++ 1.22360 1.30179* 0.93196 
    Urban size 3 (1 million or more w/o subway/ rail) ++ 1.76828*** 1.36175** 0.84593 
    Urban size 4 (1 million or more w subway/ rail) ++ 1.17419 1.02646 0.66613*** 
    Urban size 5 (non-urbanized area) ++ 0.87304 1.10867 0.76635* 
Transportation attributes    
    Household car ownership 1.93626*** 1.23507*** 1.35106*** 
    Number of drivers in household 1.14793 1.25887*** 1.18620** 
    Additional household member on trip (vs. none) 18.88393*** 11.74199*** 14.15959*** 
    Travel time+ 1.00566 0.83074*** 0.92732** 
Behavioral aspects (most important transportation issue) 
    Cost 2.21552*** 1.11902 1.37707 
    Congestion  2.34340*** 1.34662 1.79378** 
    Aggressive Drivers 2.49627*** 1.48213* 1.66779** 
    Safety 2.57367*** 1.39116 1.88121** 
    Transit access 1.03809 0.48463*** 0.86586 
    Sidewalks 0.96288 0.42423*** 0.81001 
Constant 0.56108 1.73572 1.52686 
N 112,414 155,193 81,329 
Note: odds ratio = exp (coefficient); *** p≤ 0.01; ** p≤ 0.05; * p≤ 0.1; + these independent variables (i.e., 
household size, income, and travel time) are taken natural log transformation in the analysis due to their 
positively skewed distributions; ++ residence in a urban area of at least 50,000 and less than 199,999 people is set 
as a reference group when generating categorical variables for the urban size variable, where living in urban area 
of at least 200,000 and less than 499,999 people, urban area of at least 500,000 and less than 999,999 people, 
urban area of 1 million or more people without subway or rail, urban area of 1 million or more people with 







Table A.3. Logistic Regression Results of Mode Choice on the First Daily-Needs 
Trip of the Day 
 Odds ratio for different age groups 
Variable Seniors Middle-aged boomers 
Younger 
generations 
 (> 64) (45 – 64) (< 45) 
Socio-demographic characteristics    
    Age 1.01714** 1.01487* 1.01010 
    Female (vs. male) 1.19378* 1.17728* 0.89669 
    Household size+ 0.18320*** 0.35619*** 0.42402*** 
    Home rented (vs. home owned) 0.92890 0.82158 0.98174 
    Income+ 0.96651 1.05035*** 1.02217 
    Working 1.16406 1.19748* 1.86420*** 
Built environment factors    
    Population density 0.99995*** 0.99996*** 0.99994*** 
    Employment density 0.99991** 0.99989*** 0.99985*** 
    Urban size 1 (200,000-499,999) ++ 1.07047 1.26046 0.62950 
    Urban size 2 (500,000-999,999) ++ 1.24147 1.08703 0.62307 
    Urban size 3 (1 million or more w/o subway/ rail) ++ 1.37020* 0.96863 0.57384** 
    Urban size 4 (1 million or more w subway/ rail) ++ 1.06222 0.91930 0.45156*** 
    Urban size 5 (non-urbanized area) ++ 0.88443 1.04478 0.58951* 
Transportation attributes    
    Household car ownership 2.19770*** 1.58909*** 1.36959*** 
    Number of drivers in household 1.16601 1.15393 1.39418*** 
    Additional household member on trip (vs. none) 26.12201*** 15.67583*** 22.06373*** 
    Travel time+ 0.91505 0.73030*** 0.82485*** 
Behavioral aspects (most important transportation issue) 
    Cost 2.08428*** 1.57308* 1.15757 
    Congestion  1.75311** 1.53782 2.26807* 
    Aggressive Drivers 2.06305*** 1.62656 1.07058 
    Safety 1.88203** 1.76877* 1.71115 
    Transit access 0.83370 0.62387** 0.88516 
    Sidewalks 0.78045 0.49830* 0.68973 
Constant 1.01940 1.41425 2.87643 
N 34,284 36,756 18,015 
Note: odds ratio = exp (coefficient); *** p≤ 0.01; ** p≤ 0.05; * p≤ 0.1; + these independent variables 
(i.e., household size, income, and travel time) are taken natural log transformation in the analysis due to 
their positively skewed distributions; ++ residence in a urban area of at least 50,000 and less than 199,999 
people is set as a reference group when generating categorical variables for the urban size variable, where 
living in urban area of at least 200,000 and less than 499,999 people, urban area of at least 500,000 and less 
than 999,999 people, urban area of 1 million or more people without subway or rail, urban area of 1 million 






Appendix B: Survey on Senior Transportation Options 
The self-designed survey was developed in the Qualtrics survey software and 
implemented on the web-based Amazon Mechanical Turk platform. The following survey 
questionnaire has been slightly re-organized for presentation purpose, based on different types of 
users of senior transportation services. 
 
Q1 Survey on Senior Transportation Options 
 
Q2 Getting older?  Being a caregiver of older persons?  Thinking of transportation options when you become 
old?  We welcome your thoughts on transportation options for aging populations. In this survey, you will be asked to 
express your opinions on senior transportation. The estimated time to complete the survey is about 5-10 minutes. At 
the end of the survey, you will receive a confirmation code. Bring this code back to your Amazon Mechanical Turk 
page, and you will be paid $0.75. This survey involves minimal risk to you. You have the right to withdraw your 
consent or discontinue participation at any time. Participation is entirely voluntary and you may refuse to participate, 
withdraw consent, or discontinue participation at any time without penalty. We will not ask for any personally 
identifying information (e.g., your name) and all data will be kept confidential.  
 
Q167 If you agree to participate in this survey, please type “I agree” in the space provided. 
 
Q3 How old are you? 
m Less than 18 (1) 
m 18 - 24 (2) 
m 25 - 34 (3) 
m 35 - 44 (4) 
m 45 - 54 (5) 
m 55 - 64 (6) 
m 65 - 74 (7) 
m 75 - 84 (8) 
m 85 + (9) 
 
(For Type 1 Survey Respondents: Seniors – who answered in Q3 that they are 65 years and older) 
 
Q4 Living Environment 
 
Q5 Which best describes the place you live? 
m Urban area (1) 
m Suburban area (2) 
m Rural area (3) 
 
Q6 Approximately, how far is your home away from shopping areas (e.g., restaurants, grocery stores, pharmacies)? 
m Less than 1/2 mile (i.e., within walking distance) (1) 
m 1/2 - 5 miles (2) 
m 5 - 10 miles (3) 






Q7 Approximately, how far is your home away from healthcare facilities (e.g., doctor offices, hospitals)? 
m Less than 1/2 mile (i.e., within walking distance) (1) 
m 1/2 - 5 miles (2) 
m 5 - 10 miles (3) 
m Greater than 10 miles (4) 
 
Q8 Approximately, how far is your home away from recreational areas or social places (e.g., parks, YMCAs, 
community centers)? 
m Less than 1/2 mile (i.e., within walking distance) (1) 
m 1/2 - 5 miles (2) 
m 5 - 10 miles (3) 
m Greater than 10 miles (4) 
 
Q9 What is the ZIP Code for where your home is located? 
 
Q170 Is your home a house, an apartment, or some other type of residence? 
m House (1) 
m Apartment (2) 
m Other (3) ____________________ 
 
Q10 Is your home owned or rented? 
m Owned (1) 
m Rented (2) 
m Other (3) ____________________ 
 
Q11 Including yourself, how many people live in your household?  
m 1 (1) 
m 2 (2) 
m 3 (3) 
m 4 (4) 
m 5 (5) 
m More Than 5 (6) 
 
Answer If Including yourself, how many people live in your household?  1 Is Not Selected 
Q180 Including yourself, how many household members are 65 years old and over? 
m 0 (1) 
m 1 (2) 
m 2 (3) 
m 3 (4) 
m 4 (5) 
m More Than 4 (6) 
 
Q12 Are you planning to live in the home as long as you can? 
m Yes (1) 
m No (2) 
 






Q14 Are you still participating in workforce?  
m Full time (1) 
m Part time (2) 
m Retired (3) 
m Other (4) ____________________ 
 
Answer If Are you still participating in workforce?  Full time Is Selected Or Are you still participating in 
workforce?  Part time Is Selected 
Q15 When are you planning to retire?  
m In less than 5 years (1) 
m In 5 - 10 years (2) 
m Over 10 years (3) 
 
Q16 Still Driving? 
 
Q17 Do you still drive?  
m Yes, I drive regularly. (1) 
m Yes, but I only drive very occasionally. (3) 
m No. (2) 
 
Answer If Do you still drive?&nbsp; No. Is Not Selected 
Q18 When are you planning to cease driving?  
m In less than 5 years (1) 
m In 5 - 10 years (2) 
m Over 10 years (3) 
 
Answer If Are you still a driver?  No Is Selected 
Q19 Have you ever had a diver license before?  
m Yes (1) 
m No (2) 
 
Q20 Transportation Reality 
 
Q173 What travel options have you used in the past year? (check all options that apply to you) 
q Walk (1) 
q By bike (2) 
q By private car - as a driver (3) 
q By private car - as a passenger (4) 
q By public transit - train (5) 
q By public transit - bus (6) 
q By public transit - paratransit/demand response services (7) 
q By traditional taxi services (8) 
q By new "taxi" services (e.g., Uber, Lyft, Sidecar) (9) 
q Other (10) ____________________ 
 






Q21 On average, how often do you go out for dining, shopping, health care, recreation, or social events? 
m More than twice everyday (1) 
m Once or twice everyday (2) 
m 3-5 times every week (3) 
m Once or twice every week (4) 
m Less than once every week (5) 
 
Q22 On average, how long do these trips take you to travel one way? 
m Less than 10 minutes (1) 
m 10-30 minutes (2) 
m More than 30 minutes (3) 
 
Q24 When you go out for these trips, what travel option do you use the most? 
m Walk (1) 
m By bike (2) 
m By private car - as a driver (3) 
m By private car - as a passenger (4) 
m By public transit - train (5) 
m By public transit - bus (6) 
m By public transit - paratransit/demand response services (7) 
m By traditional taxi services (8) 
m By new "taxi" services (e.g., Uber, Lyft, Sidecar) (9) 
m Other (10) ____________________ 
 
Q25 I pick the above mentioned travel option because I don't have other feasible transportation options. 
m Strongly Disagree (1) 
m Disagree (2) 
m Somewhat Disagree (3) 
m Neither Agree nor Disagree (4) 
m Somewhat Agree (5) 
m Agree (6) 
m Strongly Agree (7) 
 
Q27 I pick the above mentioned travel option because it's more convenient. 
m Strongly Disagree (1) 
m Disagree (2) 
m Somewhat Disagree (3) 
m Neither Agree nor Disagree (4) 
m Somewhat Agree (5) 
m Agree (6) 






Q28 I pick the above mentioned travel option because of my own preference. 
m Strongly Disagree (1) 
m Disagree (2) 
m Somewhat Disagree (3) 
m Neither Agree nor Disagree (4) 
m Somewhat Agree (5) 
m Agree (6) 
m Strongly Agree (7) 
 
Q29 I pick the above mentioned travel option because it helps me to maintain independence. 
m Strongly Disagree (1) 
m Disagree (2) 
m Somewhat Disagree (3) 
m Neither Agree nor Disagree (4) 
m Somewhat Agree (5) 
m Agree (6) 
m Strongly Agree (7) 
 
Q30 I pick the above mentioned travel option because my friends and neighbors use the same option for travel as 
well. 
m Strongly Disagree (1) 
m Disagree (2) 
m Somewhat Disagree (3) 
m Neither Agree nor Disagree (4) 
m Somewhat Agree (5) 
m Agree (6) 
m Strongly Agree (7) 
 
Q31 I pick the above mentioned travel option because it's less expensive. 
m Strongly Disagree (1) 
m Disagree (2) 
m Somewhat Disagree (3) 
m Neither Agree nor Disagree (4) 
m Somewhat Agree (5) 
m Agree (6) 
m Strongly Agree (7) 
 
Q32 Please list other factors that may affect your travel mode choices: 
 
Q97 Transportation Reality 
 
Q33 Have you used any home delivery service (e.g., from a local grocery/drug store or online shopping)?  
m Yes (1) 
m No (2) 






Q34 How do you order your delivery services? (check all options that apply to you) 
q Home phone (1) 
q Cell phone (2) 
q Internet (3) 
q Other (4) ____________________ 
 
Q35 How often do you use delivery services? 
m Every week (1) 
m Every other week (2) 
m Every month (3) 
m Occasionally (4) 
 
Q36 Have these deliveries changed or substituted your own travel? 
m Yes, I make fewer total trips myself. (1) 
m Yes, I make fewer shopping trips but about the same number of total trips. (2) 
m No, I make same number of trips as before. (3) 
 
Q37 Preferences on Transportation Options 
 
Q38 If I ever need any help on transportation access, I prefer supports from neighbors/community centers (e.g., local 
YMCA/senior center shuttle services). 
m Strongly Disagree (1) 
m Disagree (2) 
m Somewhat Disagree (3) 
m Neither Agree nor Disagree (4) 
m Somewhat Agree (5) 
m Agree (6) 
m Strongly Agree (7) 
 
Q39 If I ever need any help on transportation access, I prefer supports from public agencies (e.g., local transit 
agency). 
m Strongly Disagree (1) 
m Disagree (2) 
m Somewhat Disagree (3) 
m Neither Agree nor Disagree (4) 
m Somewhat Agree (5) 
m Agree (6) 
m Strongly Agree (7) 
 
Q40 If I ever need any help on transportation access, I prefer supports from private services (e.g., taxi or Uber 
services). 
m Strongly Disagree (1) 
m Disagree (2) 
m Somewhat Disagree (3) 
m Neither Agree nor Disagree (4) 
m Somewhat Agree (5) 
m Agree (6) 






Q41 If I ever need any help on transportation access, I prefer supports from family members/friends. 
m Strongly Disagree (1) 
m Disagree (2) 
m Somewhat Disagree (3) 
m Neither Agree nor Disagree (4) 
m Somewhat Agree (5) 
m Agree (6) 
m Strongly Agree (7) 
 
Q177 If better transportation services are provided, I'd like to go out more often for dining, shopping, health care, 
recreation, or social events. 
m Strongly Disagree (1) 
m Disagree (2) 
m Somewhat Disagree (3) 
m Neither Agree nor Disagree (4) 
m Somewhat Agree (5) 
m Agree (6) 
m Strongly Agree (7) 
 
Q42 Have you worried about your transportation options before? 
m No. (1) 
m Yes, less than 5 years ago. (2) 
m Yes, 5-10 years ago. (3) 
m Yes, over 10 years ago. (4) 
 
Q43 Any additional comments on this topic of senior transportation options? 
 
Q44 Attitudes towards New Transportation Options 
 
Q46 If neighbors/community centers inform me about NEW transportation options (e.g., new shuttle services 
provided by local senior center, new bus lines provided by public transit agency, or new private services specialized 
for seniors), I'd like to try/use them. 
m Strongly Disagree (1) 
m Disagree (2) 
m Somewhat Disagree (3) 
m Neither Agree nor Disagree (4) 
m Somewhat Agree (5) 
m Agree (6) 
m Strongly Agree (7) 
 
Q47 If public agencies inform me about NEW transportation options (e.g., new shuttle services provided by local 
senior center, new bus lines provided by public transit agency, or new private services specialized for seniors), I'd 
like to try/use them. 
m Strongly Disagree (1) 
m Disagree (2) 
m Somewhat Disagree (3) 
m Neither Agree nor Disagree (4) 
m Somewhat Agree (5) 
m Agree (6) 






Q48 If private companies/commercial advertisements inform me about NEW transportation options (e.g., new 
shuttle services provided by local senior center, new bus lines provided by public transit agency, or new private 
services specialized for seniors), I'd like to try/use them. 
m Strongly Disagree (1) 
m Disagree (2) 
m Somewhat Disagree (3) 
m Neither Agree nor Disagree (4) 
m Somewhat Agree (5) 
m Agree (6) 
m Strongly Agree (7) 
 
Q49 If family members/friends inform me about NEW transportation options (e.g., new shuttle services provided by 
local senior center, new bus lines provided by public transit agency, or new private services specialized for seniors), 
I'd like to try/use them. 
m Strongly Disagree (1) 
m Disagree (2) 
m Somewhat Disagree (3) 
m Neither Agree nor Disagree (4) 
m Somewhat Agree (5) 
m Agree (6) 
m Strongly Agree (7) 
 
Q50 Perceived Health Status 
 
Q51 In general, my health is very good. 
m Strongly Disagree (1) 
m Disagree (2) 
m Somewhat Disagree (3) 
m Neither Agree nor Disagree (4) 
m Somewhat Agree (5) 
m Agree (6) 
m Strongly Agree (7) 
 
Q52 What health insurance plans do you have? 
q Medicare (1) 
q Medicaid (2) 
q Commercial/private insurance (3) 
q Self-pay (4) 
q Other (5) ____________________ 
 
Q53 My current transportation options have become barriers for my visits to doctor or medical treatment. 
m Strongly Disagree (1) 
m Disagree (2) 
m Somewhat Disagree (3) 
m Neither Agree nor Disagree (4) 
m Somewhat Agree (5) 
m Agree (6) 








Q55 What is your sex? 
m Male (1) 
m Female (2) 
 
Q56 Which best describes your race? 
q White (1) 
q African American (2) 
q Hispanic (3) 
q Asian or Pacific Islander (4) 
q Native American (5) 
q Other (6) ____________________ 
 
Q57 What's your total household income? 
m Less than 10,000 (1) 
m 10,000 - 19,999 (2) 
m 20,000 - 29,999 (3) 
m 30,000 - 39,999 (4) 
m 40,000 - 49,999 (5) 
m 50,000 - 59,999 (6) 
m 60,000 - 69,999 (7) 
m 70,000 - 79,999 (8) 
m 80,000 - 89,999 (9) 
m 90,000 - 99,999 (10) 
m 100,000 - 149,999 (11) 
m More than 150,000 (12) 
m I prefer not to answer (13) 
 
Q58 What is the highest grade or year of school you have completed? 
m Less Than High School Graduate (1) 
m High School Graduate or GED (2) 
m Some College or Associate's Degree (3) 
m Bachelor's Degree (4) 
m Post Graduate Degree (Master's, PhD, MD, JD etc) (5) 
m Other (6) ____________________ 
 
 
(For Type 2 Survey Respondents: Caregivers and their Elderly Dependents – who answered in Q3 that they are 
younger than 65 years and in Q60 that they are caregivers of an elderly dependent and in Q61 that their elderly 




Q60 Are you a caregiver of an elderly dependent who is 65 years old and over? 
m Yes (1) 
m No (2) 
 
Answer If Are you a caregiver of an elderly dependent? Yes Is Selected 
Q61 Does your elderly dependent live in an institutional care facility (e.g., nursing home)? 







Q183 Caregiver and Elderly Dependent 
 
Q186 Are you participating in workforce? 
m Full time (1) 
m Part time (2) 
m No (3) 
m Other (4) ____________________ 
 
Q187 Does your elderly dependent need your help with transportation? 
q Yes, I need to arrange a transportation service for my elderly dependent. (1) 
q Yes, I need to assist my elderly dependent on travel by myself. (2) 
q No. (3) 
If No. Is Selected, Then Skip To End of Block 
 
Answer If Does your elderly dependent need your help on transportation? Yes, I need to arrange a transportation 
service for my elderly dependent. Is Selected 
Q188 What type of transportation services do you use most often for your elderly dependent? 
q Community based services (e.g., local YMCA/senior center shuttle services) (1) 
q Services from public agencies (e.g., local transit agency) (2) 
q Services from private services (e.g., taxi or Uber services) (3) 
q Help from relatives/friends (4) 
q Other (5) ____________________ 
 
Q189 How often your elderly dependent need your help on transportation access? 
m Very often (1) 
m Sometimes (2) 
m Occasionally (3) 
m Other (4) ____________________ 
 
Q190 It's convenient for me to help my elderly dependent on transportation access. 
m Strongly Disagree (1) 
m Disagree (2) 
m Somewhat Disagree (3) 
m Neither Agree nor Disagree (4) 
m Somewhat Agree (5) 
m Agree (6) 
m Strongly Agree (7) 
 
Q72 Elderly Dependent: Living Environment 
 
Q73 Which best describes the place your elderly dependent lives? 
m Urban area (1) 
m Suburban area (2) 






Q74 Approximately, how far is his/her home away from shopping areas (e.g., restaurants, grocery stores, 
pharmacies)? 
m Less than 1/2 mile (i.e., within walking distance) (1) 
m 1/2 - 5 miles (2) 
m 5 - 10 miles (3) 
m Greater than 10 miles (4) 
 
Q75 Approximately, how far is his/her home away from healthcare facilities (e.g., doctor offices, hospitals)? 
m Less than 1/2 mile (i.e., within walking distance) (1) 
m 1/2 - 5 miles (2) 
m 5 - 10 miles (3) 
m Greater than 10 miles (4) 
 
Q76 Approximately, how far is his/her home away from recreational areas or social places (e.g., parks, YMCAs, 
community centers)? 
m Less than 1/2 mile (i.e., within walking distance) (1) 
m 1/2 - 5 miles (2) 
m 5 - 10 miles (3) 
m Greater than 10 miles (4) 
 
Q77 What is the ZIP Code for where your elderly dependent lives? 
 
Q169 Is your elderly dependent's home a house, an apartment, or some other type of residence? 
m House (1) 
m Apartment (2) 
m Other (3) ____________________ 
 
Q78 Is his/her home owned or rented? 
m Owned (1) 
m Rented (2) 
m Other (3) ____________________ 
 
Q79 Including your elderly dependent, how many people live in his/her household?  
m 1 (1) 
m 2 (2) 
m 3 (3) 
m 4 (4) 
m 5 (5) 
m More Than 5 (6) 
 
Answer If Including your elderly dependent, how many people live in his/her household?  1 Is Not Selected 
Q179 Including your elderly dependent, how many household members are 65 years old and over? 
m 0 (1) 
m 1 (2) 
m 2 (3) 
m 3 (4) 
m 4 (5) 






Q80 Is your elderly dependent planning to live in the home as long as he/she can? 
m Yes (1) 
m No (2) 
m Don't know (3) 
 
Q81 Elderly Dependent: Still Working? 
 
Q82 Is your elderly dependent still participating in workforce?  
m Full time (1) 
m Part time (2) 
m Retired (3) 
m Other (4) ____________________ 
 
Answer If Is your elderly dependent still participating in workforce?  Full time Is Selected Or Is your elderly 
dependent still participating in workforce?  Part time Is Selected 
Q83 Do you know when your elderly dependent is planning to retire?  
m Yes, in less than 5 years. (1) 
m Yes, in 5 - 10 years. (2) 
m Yes, over 10 years. (3) 
m No, I don't know. (4) 
 
Q84 Elderly Dependent: Still Driving? 
 
Q85 Does your elderly dependent still drive?  
m Yes, he/she still drives regularly. (1) 
m Yes, but he/she only drives very occasionally. (3) 
m No. (2) 
 
Answer If Does your elderly dependent still drive?&nbsp; No. Is Not Selected 
Q81 Do you know when your elderly dependent is planning to cease driving?  
m Yes, in less than 5 years. (1) 
m Yes, in 5 - 10 years. (2) 
m Yes, over 10 years. (3) 
m No, I don't know. (4) 
 
Answer If Is your elderly dependent still a driver?  No Is Selected 
Q87 Has your elderly dependent ever had a driver license before?  
m Yes (1) 
m No (2) 
 






Q172 What travel options has your elderly dependent used in the past year? (check all options that apply) 
q Walk (1) 
q By bike (2) 
q By private car - as a driver (3) 
q By private car - as a passenger (4) 
q By public transit - train (5) 
q By public transit - bus (6) 
q By public transit - paratransit/demand response services (7) 
q By traditional taxi services (8) 
q By new "taxi" services (e.g., Uber, Lyft, Sidecar) (9) 
q Other (10) ____________________ 
 
Q92 Elderly Dependent: Transportation Reality 
 
Q90 On average, how often does your elderly dependent go out for dining, shopping, health care, recreation, or 
social events? 
m More than twice everyday (1) 
m Once or twice everyday (2) 
m 3-5 times every week (3) 
m Once or twice every week (4) 
m Less than once every week (5) 
 
Q91 On average, how long do these trips take him/her to travel one way? 
m Less than 10 minutes (1) 
m 10-30 minutes (2) 
m More than 30 minutes (3) 
 
Q93 When your elderly dependent goes out for these trips, what travel option does he/she use the most? 
m Walk (1) 
m By bike (2) 
m By private car - as a driver (3) 
m By private car - as a passenger (4) 
m By public transit - train (5) 
m By public transit - bus (6) 
m By public transit - paratransit/demand response services (7) 
m By traditional taxi services (8) 
m By new "taxi" services (e.g., Uber, Lyft, Sidecar) (9) 
m Other (10) ____________________ 
 
Q94 In my opinion, my elderly dependent picks the above mentioned travel option because he/she doesn't have other 
feasible transportation options. 
m Strongly Disagree (1) 
m Disagree (2) 
m Somewhat Disagree (3) 
m Neither Agree nor Disagree (4) 
m Somewhat Agree (5) 
m Agree (6) 






Q95 In my opinion, my elderly dependent picks the above mentioned travel option because it's more convenient. 
m Strongly Disagree (1) 
m Disagree (2) 
m Somewhat Disagree (3) 
m Neither Agree nor Disagree (4) 
m Somewhat Agree (5) 
m Agree (6) 
m Strongly Agree (7) 
 
Q96 In my opinion, my elderly dependent picks the above mentioned travel option because of his/her own 
preference. 
m Strongly Disagree (1) 
m Disagree (2) 
m Somewhat Disagree (3) 
m Neither Agree nor Disagree (4) 
m Somewhat Agree (5) 
m Agree (6) 
m Strongly Agree (7) 
 
Q97 In my opinion, my elderly dependent picks the above mentioned travel option because it helps him/her to 
maintain independence. 
m Strongly Disagree (1) 
m Disagree (2) 
m Somewhat Disagree (3) 
m Neither Agree nor Disagree (4) 
m Somewhat Agree (5) 
m Agree (6) 
m Strongly Agree (7) 
 
Q98 In my opinion, my elderly dependent picks the above mentioned travel option because his/her friends and 
neighbors use the same option for travel as well. 
m Strongly Disagree (1) 
m Disagree (2) 
m Somewhat Disagree (3) 
m Neither Agree nor Disagree (4) 
m Somewhat Agree (5) 
m Agree (6) 
m Strongly Agree (7) 
 
Q99 In my opinion, my elderly dependent picks the above mentioned travel option because it's less expensive. 
m Strongly Disagree (1) 
m Disagree (2) 
m Somewhat Disagree (3) 
m Neither Agree nor Disagree (4) 
m Somewhat Agree (5) 
m Agree (6) 
m Strongly Agree (7) 
 






Q98 Elderly Dependent: Transportation Reality 
 
Q101 Has your elderly dependent used any home delivery service (e.g., from a local grocery/drug store or online 
shopping)?  
q Yes, he/she has ordered delivery services. (1) 
q Yes, I've ordered delivery services for him/her. (2) 
q No. (3) 
If No. Is Selected, Then Skip To End of Block 
 
Q102 How do you/your elderly dependent order your delivery services? (check all options that apply) 
q Home phone (1) 
q Cell phone (2) 
q Internet (3) 
q Other (4) ____________________ 
 
Q103 How often do you/your elderly dependent use delivery services? 
m Every week (1) 
m Every other week (2) 
m Every month (3) 
m Occasionally (4) 
 
Q104 Have these deliveries changed or substituted your elderly dependent's own travel? 
m Yes, he/she makes fewer total trips. (1) 
m Yes, he/she makes fewer shopping trips but about the same number of total trips. (2) 
m No, he/she makes same number of trips as before. (3) 
 
Q107 Elderly Dependent: Preferences on Transportation Options 
 
Q108 In my opinion, if my elderly dependent ever need any help on transportation access, he/she prefers supports 
from neighbors/community centers (e.g., local YMCA/senior center shuttle services). 
m Strongly Disagree (1) 
m Disagree (2) 
m Somewhat Disagree (3) 
m Neither Agree nor Disagree (4) 
m Somewhat Agree (5) 
m Agree (6) 
m Strongly Agree (7) 
 
Q109 In my opinion, if my elderly dependent ever need any help on transportation access, he/she prefers supports 
from public agencies (e.g., local transit agency). 
m Strongly Disagree (1) 
m Disagree (2) 
m Somewhat Disagree (3) 
m Neither Agree nor Disagree (4) 
m Somewhat Agree (5) 
m Agree (6) 






Q110 In my opinion, if my elderly dependent ever need any help on transportation access, he/she prefers supports 
from private services (e.g., taxi or Uber services). 
m Strongly Disagree (1) 
m Disagree (2) 
m Somewhat Disagree (3) 
m Neither Agree nor Disagree (4) 
m Somewhat Agree (5) 
m Agree (6) 
m Strongly Agree (7) 
 
Q111 In my opinion, if my elderly dependent ever need any help on transportation access, he/she prefers supports 
from family members/friends. 
m Strongly Disagree (1) 
m Disagree (2) 
m Somewhat Disagree (3) 
m Neither Agree nor Disagree (4) 
m Somewhat Agree (5) 
m Agree (6) 
m Strongly Agree (7) 
 
Q176 In my opinion, if better transportation services are provided, my elderly dependent would like to go out more 
often for dining, shopping, health care, recreation, or social events. 
m Strongly Disagree (1) 
m Disagree (2) 
m Somewhat Disagree (3) 
m Neither Agree nor Disagree (4) 
m Somewhat Agree (5) 
m Agree (6) 
m Strongly Agree (7) 
 
Q112 In your opinion, has your elderly dependent worried about his/her transportation options before? 
m No. (1) 
m Yes, less than 5 years ago. (2) 
m Yes, 5-10 years ago. (3) 
m Yes, over 10 years ago. (4) 
 
Q108 Have you worried about your elderly dependent's transportation options before? 
m No. (1) 
m Yes, less than 5 years ago. (2) 
m Yes, 5-10 years ago. (3) 
m Yes, over 10 years ago. (4) 
 
Q113 Any additional comments on this topic of senior transportation options? 
 






Q118 In my opinion, if neighbors/community centers inform my elderly dependent about NEW transportation 
options (e.g., new shuttle services provided by local senior center, new bus lines provided by public transit agency, 
or new private services specialized for seniors), he/she would like to try/use them. 
m Strongly Disagree (1) 
m Disagree (2) 
m Somewhat Disagree (3) 
m Neither Agree nor Disagree (4) 
m Somewhat Agree (5) 
m Agree (6) 
m Strongly Agree (7) 
 
Q119 In my opinion, if public agencies inform my elderly dependent about NEW transportation options (e.g., new 
shuttle services provided by local senior center, new bus lines provided by public transit agency, or new private 
services specialized for seniors), he/she would like to try/use them. 
m Strongly Disagree (1) 
m Disagree (2) 
m Somewhat Disagree (3) 
m Neither Agree nor Disagree (4) 
m Somewhat Agree (5) 
m Agree (6) 
m Strongly Agree (7) 
 
Q120 In my opinion, if private companies/commercial advertisements inform my elderly dependent 
about NEW transportation options (e.g., new shuttle services provided by local senior center, new bus lines provided 
by public transit agency, or new private services specialized for seniors), he/she would like to try/use them. 
m Strongly Disagree (1) 
m Disagree (2) 
m Somewhat Disagree (3) 
m Neither Agree nor Disagree (4) 
m Somewhat Agree (5) 
m Agree (6) 
m Strongly Agree (7) 
 
Q121 In my opinion, if family members/friends inform my elderly dependent about NEW transportation 
options (e.g., new shuttle services provided by local senior center, new bus lines provided by public transit agency, 
or new private services specialized for seniors), he/she would like to try/use them. 
m Strongly Disagree (1) 
m Disagree (2) 
m Somewhat Disagree (3) 
m Neither Agree nor Disagree (4) 
m Somewhat Agree (5) 
m Agree (6) 
m Strongly Agree (7) 
 






Q123 In my opinion, my elderly dependent's health is very good. 
m Strongly Disagree (1) 
m Disagree (2) 
m Somewhat Disagree (3) 
m Neither Agree nor Disagree (4) 
m Somewhat Agree (5) 
m Agree (6) 
m Strongly Agree (7) 
 
Q124 What health insurance plans does your elderly dependent have? 
q Medicare (1) 
q Medicaid (2) 
q Commercial/private insurance (3) 
q Self-pay (4) 
q Other (5) ____________________ 
 
Q125 Current transportation options have become barriers for my elderly dependent's visits to doctor or medical 
treatment. 
m Strongly Disagree (1) 
m Disagree (2) 
m Somewhat Disagree (3) 
m Neither Agree nor Disagree (4) 
m Somewhat Agree (5) 
m Agree (6) 




Q55 What is your sex? 
m Male (1) 
m Female (2) 
 
Q56 Which best describes your race? 
q White (1) 
q African American (2) 
q Hispanic (3) 
q Asian or Pacific Islander (4) 
q Native American (5) 






Q57 What's your total household income? 
m Less than 10,000 (1) 
m 10,000 - 19,999 (2) 
m 20,000 - 29,999 (3) 
m 30,000 - 39,999 (4) 
m 40,000 - 49,999 (5) 
m 50,000 - 59,999 (6) 
m 60,000 - 69,999 (7) 
m 70,000 - 79,999 (8) 
m 80,000 - 89,999 (9) 
m 90,000 - 99,999 (10) 
m 100,000 - 149,999 (11) 
m More than 150,000 (12) 
m I prefer not to answer (13) 
 
Q58 What is the highest grade or year of school you have completed? 
m Less Than High School Graduate (1) 
m High School Graduate or GED (2) 
m Some College or Associate's Degree (3) 
m Bachelor's Degree (4) 
m Post Graduate Degree (Master's, PhD, MD, JD etc) (5) 
m Other (6) ____________________ 
 
 
(For Type 3 Survey Respondents: Youngers – who answered in Q3 that they are younger than 65 years and in 
Q60 that they are not caregivers of an elderly dependent or in Q61 that their elderly dependent lives in an 




Q60 Are you a caregiver of an elderly dependent who is 65 years old and over? 
m Yes (1) 
m No (2) 
 
Answer If Are you a caregiver of an elderly dependent? Yes Is Selected 
Q61 Does your elderly dependent live in an institutional care facility (e.g., nursing home)? 
m Yes (1) 
m No (2) 
 
Q131 Living Environment 
 
Q132 Which best describes the place you live? 
m Urban area (1) 
m Suburban area (2) 






Q133 Approximately, how far is your home away from shopping areas (e.g., restaurants, grocery stores, 
pharmacies)? 
m Less than 1/2 mile (i.e., within walking distance) (1) 
m 1/2 - 5 miles (2) 
m 5 - 10 miles (3) 
m Greater than 10 miles (4) 
 
Q134 Approximately, how far is your home away from healthcare facilities (e.g., doctor offices, hospitals)? 
m Less than 1/2 mile (i.e., within walking distance) (1) 
m 1/2 - 5 miles (2) 
m 5 - 10 miles (3) 
m Greater than 10 miles (4) 
 
Q135 Approximately, how far is your home away from recreational areas or social places (e.g., parks, YMCAs, 
community centers)? 
m Less than 1/2 mile (i.e., within walking distance) (1) 
m 1/2 - 5 miles (2) 
m 5 - 10 miles (3) 
m Greater than 10 miles (4) 
 
Q136 What is the ZIP Code for where your home is located? 
 
Q168 Is your home a house, an apartment, or some other type of residence? 
m House (1) 
m Apartment (2) 
m Other (3) ____________________ 
 
Q137 Is your home owned or rented? 
m Owned (1) 
m Rented (2) 
m Other (3) ____________________ 
 
Q138 Including yourself, how many people live in your household?  
m 1 (1) 
m 2 (2) 
m 3 (3) 
m 4 (4) 
m 5 (5) 
m More Than 5 (7) 
 
Answer If Including yourself, how many people live in your household?&nbsp; 1 Is Not Selected 
Q178 How many household members are 65 years old and over? 
m 0 (1) 
m 1 (2) 
m 2 (3) 
m 3 (4) 
m 4 (5) 






Q139 Are you planning to live in the home as long as you can? 
m Yes (1) 
m No (2) 




Q141 Are you participating in workforce?  
m Full time (1) 
m Part time (2) 
m No (4) 
m Other (3) ____________________ 
 
Answer If Are you participating in workforce?  Full time Is Selected Or Are you participating in workforce?  Part 
time Is Selected 
Q142 When are you planning to retire?  
m Less than 55 (1) 
m 55 - 64 (2) 
m 65 - 74 (3) 
m 75 - 84 (4) 
m 85 + (5) 




Q144 Do you drive?  
m Yes, I drive regularly. (1) 
m Yes, but I only drive very occasionally. (3) 
m No. (2) 
 
Answer If Do you drive?&nbsp; No. Is Not Selected 
Q137 When are you planning to cease driving?  
m Less than 55 (1) 
m 55 - 64 (2) 
m 65 - 74 (3) 
m 75 - 84 (4) 
m 85 + (5) 
m Not sure as of now (6) 
 
Answer If Are you a driver?  No Is Selected 
Q146 Have you ever had a diver license before?  
m Yes (1) 
m No (2) 
 






Q171 What travel options have you used in the past year? (check all options that apply to you) 
q Walk (1) 
q By bike (2) 
q By private car - as a driver (3) 
q By private car - as a passenger (4) 
q By public transit - train (5) 
q By public transit - bus (6) 
q By public transit - paratransit/demand response services (7) 
q By traditional taxi services (8) 
q By new "taxi" services (e.g., Uber, Lyft, Sidecar) (9) 
q Other (10) ____________________ 
 
Q151 Transportation Reality 
 
Q149 On average, how often do you go out for dining, shopping, health care, recreation, or social events? 
m More than twice everyday (1) 
m Once or twice everyday (2) 
m 3-5 times every week (3) 
m Once or twice every week (4) 
m Less than once every week (5) 
 
Q150 On average, how long do these trips take you to travel one way? 
m Less than 10 minutes (1) 
m 10-30 minutes (2) 
m More than 30 minutes (3) 
 
Q152 When you go out for these trips, what travel option do you use the most? 
m Walk (1) 
m By bike (2) 
m By private car - as a driver (3) 
m By private car - as a passenger (4) 
m By public transit - train (5) 
m By public transit - bus (6) 
m By public transit - paratransit/demand response services (7) 
m By traditional taxi services (8) 
m By new "taxi" services (e.g., Uber, Lyft, Sidecar) (9) 
m Other (10) ____________________ 
 
Q153 I pick the above mentioned travel option because I don't have other feasible transportation options. 
m Strongly Disagree (1) 
m Disagree (2) 
m Somewhat Disagree (3) 
m Neither Agree nor Disagree (4) 
m Somewhat Agree (5) 
m Agree (6) 






Q154 I pick the above mentioned travel option because it's more convenient. 
m Strongly Disagree (1) 
m Disagree (2) 
m Somewhat Disagree (3) 
m Neither Agree nor Disagree (4) 
m Somewhat Agree (5) 
m Agree (6) 
m Strongly Agree (7) 
 
Q155 I pick the above mentioned travel option because of my own preference. 
m Strongly Disagree (1) 
m Disagree (2) 
m Somewhat Disagree (3) 
m Neither Agree nor Disagree (4) 
m Somewhat Agree (5) 
m Agree (6) 
m Strongly Agree (7) 
 
Q156 I pick the above mentioned travel option because it helps me to maintain independence. 
m Strongly Disagree (1) 
m Disagree (2) 
m Somewhat Disagree (3) 
m Neither Agree nor Disagree (4) 
m Somewhat Agree (5) 
m Agree (6) 
m Strongly Agree (7) 
 
Q157 I pick the above mentioned travel option because my friends and neighbors use the same option for travel as 
well. 
m Strongly Disagree (1) 
m Disagree (2) 
m Somewhat Disagree (3) 
m Neither Agree nor Disagree (4) 
m Somewhat Agree (5) 
m Agree (6) 
m Strongly Agree (7) 
 
Q158 I pick the above mentioned travel option because it's less expensive. 
m Strongly Disagree (1) 
m Disagree (2) 
m Somewhat Disagree (3) 
m Neither Agree nor Disagree (4) 
m Somewhat Agree (5) 
m Agree (6) 
m Strongly Agree (7) 
 






Q149 Thinking about the future when I become old, I will continue to use the above mentioned travel option as long 
as I can. 
m Strongly Disagree (1) 
m Disagree (2) 
m Somewhat Disagree (3) 
m Neither Agree nor Disagree (4) 
m Somewhat Agree (5) 
m Agree (6) 
m Strongly Agree (7) 
 
Q161 Transportation Reality 
 
Q162 Have you used any home delivery service (e.g., from a local grocery/drug store or online shopping)?  
m Yes (1) 
m No (2) 
If No Is Selected, Then Skip To End of Block 
 
Q163 How do you order your delivery services? (check all options that apply to you) 
q Home phone (1) 
q Cell phone (2) 
q Internet (3) 
q Other (4) ____________________ 
 
Q164 How often do you use delivery services? 
m Every week (1) 
m Every other week (2) 
m Every month (3) 
m Occasionally (4) 
 
Q165 Have these deliveries changed or substituted your own travel? 
m Yes, I make fewer total trips myself. (1) 
m Yes, I make fewer shopping trips but about the same number of total trips. (2) 
m No, I make same number of trips as before. (3) 
 
Q166 Thinking about the Future: Preferences on Transportation Options 
 
Q167 If I ever need any help on transportation access, I prefer supports from neighbors/community centers (e.g., 
local YMCA/senior center shuttle services). 
m Strongly Disagree (1) 
m Disagree (2) 
m Somewhat Disagree (3) 
m Neither Agree nor Disagree (4) 
m Somewhat Agree (5) 
m Agree (6) 






Q168 If I ever need any help on transportation access, I prefer supports from public agencies (e.g., local transit 
agency). 
m Strongly Disagree (1) 
m Disagree (2) 
m Somewhat Disagree (3) 
m Neither Agree nor Disagree (4) 
m Somewhat Agree (5) 
m Agree (6) 
m Strongly Agree (7) 
 
Q169 If I ever need any help on transportation access, I prefer supports from private services (e.g., taxi or Uber 
services). 
m Strongly Disagree (1) 
m Disagree (2) 
m Somewhat Disagree (3) 
m Neither Agree nor Disagree (4) 
m Somewhat Agree (5) 
m Agree (6) 
m Strongly Agree (7) 
 
Q170 If I ever need any help on transportation access, I prefer supports from family members/friends. 
m Strongly Disagree (1) 
m Disagree (2) 
m Somewhat Disagree (3) 
m Neither Agree nor Disagree (4) 
m Somewhat Agree (5) 
m Agree (6) 
m Strongly Agree (7) 
 
Q175 If better transportation services are provided, I'd like to go out more often for dining, shopping, health care, 
recreation, or social events. 
m Strongly Disagree (1) 
m Disagree (2) 
m Somewhat Disagree (3) 
m Neither Agree nor Disagree (4) 
m Somewhat Agree (5) 
m Agree (6) 
m Strongly Agree (7) 
 
Q172 Any additional comments on this topic of senior transportation options? 
 






Q174 When I become old, if neighbors/community centers inform me about NEW transportation options (e.g., new 
shuttle services provided by local senior center, new bus lines provided by public transit agency, or new private 
services specialized for seniors), I'd like to try/use them. 
m Strongly Disagree (1) 
m Disagree (2) 
m Somewhat Disagree (3) 
m Neither Agree nor Disagree (4) 
m Somewhat Agree (5) 
m Agree (6) 
m Strongly Agree (7) 
 
Q175 When I become old, if public agencies inform me about NEW transportation options (e.g., new shuttle 
services provided by local senior center, new bus lines provided by public transit agency, or new private services 
specialized for seniors), I'd like to try/use them. 
m Strongly Disagree (1) 
m Disagree (2) 
m Somewhat Disagree (3) 
m Neither Agree nor Disagree (4) 
m Somewhat Agree (5) 
m Agree (6) 
m Strongly Agree (7) 
 
Q176 When I become old, if private companies/commercial advertisements inform me about NEW transportation 
options (e.g., new shuttle services provided by local senior center, new bus lines provided by public transit agency, 
or new private services specialized for seniors), I'd like to try/use them. 
m Strongly Disagree (1) 
m Disagree (2) 
m Somewhat Disagree (3) 
m Neither Agree nor Disagree (4) 
m Somewhat Agree (5) 
m Agree (6) 
m Strongly Agree (7) 
 
Q177 When I become old, if family members/friends inform me about NEW transportation options (e.g., new 
shuttle services provided by local senior center, new bus lines provided by public transit agency, or new private 
services specialized for seniors), I'd like to try/use them. 
m Strongly Disagree (1) 
m Disagree (2) 
m Somewhat Disagree (3) 
m Neither Agree nor Disagree (4) 
m Somewhat Agree (5) 
m Agree (6) 
m Strongly Agree (7) 
 






Q179 In general, my health is very good. 
m Strongly Disagree (1) 
m Disagree (2) 
m Somewhat Disagree (3) 
m Neither Agree nor Disagree (4) 
m Somewhat Agree (5) 
m Agree (6) 
m Strongly Agree (7) 
 
Q180 What health insurance plans do you have? 
q Commercial/private insurance (1) 
q Medicaid (2) 
q Self-pay (3) 
q Other (4) ____________________ 
 
Q181 My current transportation options have become barriers for my visits to doctor or medical treatment. 
m Strongly Disagree (1) 
m Disagree (2) 
m Somewhat Disagree (3) 
m Neither Agree nor Disagree (4) 
m Somewhat Agree (5) 
m Agree (6) 
m Strongly Agree (7) 
 
Q171 When I get old, transportation options could become barriers for my visits to doctor or medical treatment. 
m Strongly Disagree (1) 
m Disagree (2) 
m Somewhat Disagree (3) 
m Neither Agree nor Disagree (4) 
m Somewhat Agree (5) 
m Agree (6) 




Q55 What is your sex? 
m Male (1) 
m Female (2) 
 
Q56 Which best describes your race? 
q White (1) 
q African American (2) 
q Hispanic (3) 
q Asian or Pacific Islander (4) 
q Native American (5) 






Q57 What's your total household income? 
m Less than 10,000 (1) 
m 10,000 - 19,999 (2) 
m 20,000 - 29,999 (3) 
m 30,000 - 39,999 (4) 
m 40,000 - 49,999 (5) 
m 50,000 - 59,999 (6) 
m 60,000 - 69,999 (7) 
m 70,000 - 79,999 (8) 
m 80,000 - 89,999 (9) 
m 90,000 - 99,999 (10) 
m 100,000 - 149,999 (11) 
m More than 150,000 (12) 
m I prefer not to answer (13) 
 
Q58 What is the highest grade or year of school you have completed? 
m Less Than High School Graduate (1) 
m High School Graduate or GED (2) 
m Some College or Associate's Degree (3) 
m Bachelor's Degree (4) 
m Post Graduate Degree (Master's, PhD, MD, JD etc) (5) 
m Other (6) ____________________ 
 
 
 
 
